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What is the average blood pressure for a man or woman of a given 
age? How common is hypertension in young people? What is its 
significance, particularly in early life? These are some of the ques- 
tions which occurred to me after taking the blood pressures on 265 
men called in the closing days of the second draft.'’ Although clinical 
experience had led me to expect a high incidence of hypertension in 
young men, it had not prepared me for the finding that in this par- 
ticular series there were more with pressures over 130 mm. than 
under; and very many with pressures between 160 and 275. It was 
soon clear that this group did not represent a fair sampling from the 
community because so many were rejects from the recruiting offices ; 
that is, most of the physically fit had gone to war and the unfit were 
left. 

On turning to the available statistics, it was surprising to see that 
most of them must be objected to on this same score of previous 
selection. Thus Smith? studied 500 aviation recruits, Sorapure *° 796 
soldiers, Goepp* 9,996 accepted insurance cases, Fisher® 12,647 
accepted insurance cases, MacKenzie * 31,934 accepted insurance cases, 
and Woley* 1,000 insurance cases which remained after excluding 
those with histories or physical findings suggestive of cardiovascular 
abnormality. The insurance statistics would have much more value 
if they were based on the examination of all applicants; but even then 


*From the George Williams Hooper Foundation for Medical Research, Uni- 
versity of California Medical School, San Francisco, and from the Student's 
Infirmary, Berkeley. 

1. Alvarez: California State J. M. 17:367, 1919. 
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3. Sorapure: Lancet 2:841, 1918. 

4. Goepp: Penn. M. J. 22: 295, 1919. 

5. Fisher: Proc. Assoc. Life Ins. Med. Directors of America, N. Y., 394, 
1912; 90 and 246, 1915; 203, 1917. 

6. MacKenzie: Ibid, 221, 1917. 
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there would undoubtedly be a considerable amount of adverse selection 
because those with hypertension often have premonitions of future 
illness ; and many seek insurance after discovering their defects. 

The next question then is: how are we to get a fair sampling? 
An ideal way would be to examine every tenth individual passing a 
certain point on a busy street. Different strata of society might be 
sampled by choosing streets in different parts of the city and also by 
choosing different cities. Unfortunately, such methods are not prac- 
ticable at present. The next best thing probably would be to study 
the young people gathered together in the public schools and collegés. 
Particularly in state universities where tuition is free it would seem 
that the student body should represent a fair sampling from the more 
intelligent part of the community. Fortunately, it is becoming more 
and more the custom in the leading schools to examine the incoming 
freshmen. Lee* and Barach and Marks® have already reported on 
the blood pressure readings in some 1,200 college students, but their 
groups were not large enough for analysis by age and sex. 

During the last few years all the freshmen entering the Univer- 
sity of California have been subjected to a physical examination which 
includes the measurement of the blood pressure. Under ordinary con- 
ditions this mass of data which has accumulated at the university 
infirmary would have been ideal for my purposes. Unfortunately, 
however, the war with its demands on the fittest of the young men, has 
made me uncertain of the sampling even in the ages below 21. In 
1918 most of the men were gone; but some were enrolled in the S. A. 
T. C., and some probably remained on account of physical handicaps 
which turned them back from the recruiting offices. Certain it is that 
there is a big difference between the average pressures of the male 
entrants in 1919 and the pressures of those in the three preceding 
years. As would be expected, there is practically no difference in the 
figures for the corresponding groups of women (Fig. 5). I hope to 
clear up these uncertainties by getting more and better data in the next 
few years. 


TECHNIC 


Unfortunately, the methods of taking the pressures are not exactly 
the same for men anfl women. The men take a tepid shower before 
the examination and are then examined in the reclining position. 
They are more likely to stand around in negligé and get cold than are 
the women. The women’s pressures are taken standing. The systolic 
pressure, the only one studied at this time, was taken by palpation. 
This is the more reliable method as it is less subject to wide variations. 


8. Lee: Boston M. & S. J. 173:541, 1915. 
9. Barach and Marks: Arch. Int. Med. 13:648 (May) 1914. 
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One aneroid (a large Tycos) and three mercury column instruments 
were used. The aneroid was checked at regular intervals against a 
mercury column. The records were taken off the cards and arranged 
as in Tables 1 and 2. This shows, first, that the data on the women 
are much better for statistical purposes than those on the men because 
the women examiners have read quite closely to the millimeter, while 
the men have had a strong tendency to read to the nearest multiple 
of ten. For practical purposes, and especially when measuring a value 
that often fluctuates from hour to hour, it is of little importance 
whether a pressure is 150 or 160 mm., but for statistical work and 
especially for drawing curves of frequency distribution, it is much 
better to have the data evenly distributed. It is useless to try and 
make the steps less than 2 mm. because that is the unit on most of 
the scales. 

A glance at Table 1 shows that the lowest age is 16. There were 
99 women and 34 men who entered the university at that age during 
the period covered. Three thousand, three hundred and thirty-three 
(3,333) entered between the ages of 18 and 19. The curves of fre- 
quency distribution for the different ages for the two sexes are shown 
in Figure 1. The abscissae represent the blood pressures by 5 mm. 
Stages. In these units “ 85” = 85 to 89, and “90” = 90 to 94. When 
85 is made to include from 83 to 87 the only difference in the curves 
is one due to the exaggeration of the deformity brought about by the 
grouping of the data about the multiple of ten. The ordinates represent 
percentages at the different pressures. 

A study of these curves shows several interesting things. In the 
first place, as Kilgore *® has pointed out, they are fairly symmetrical 
and correspond to the type “A” curve so well known to statisticians. 
It is the curve obtained when we chart the heights of a thousand men, 
the errors in 100 measurements of a meter bar, or the results of a 
thousand throws of dice. In all these studies of large groups of 
observation it has been found that most of the data will lie more or 
less closely about the average. Hence it is that the probability that 
small errors or deviations from the average will occur is larger than 
the probability that large errors or deviations will occur. Thus, in 
measuring a thousand men with an average height of 5 feet 6 inches, 
the probability of finding men 5 feet 5 inches, and 5 feet 7 inches in 
height is much greater than the probability of finding men 5 feet or 
6 feet tall. There will be scores of the former to one or two of the 
latter. With the help of mathematical formulae we can calculate just 
how many of the data are likely to fall within certain limits measured 
on each side of the average. The divergences between the calculated 


10. Kilgore: Lancet 2:236, 1918. 
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and the actual curves are often very slight as will be noted in Figures 
2 and 3. A study of the differences which do appear is sometimes 
very helpful. 

The simplest and shortest way in which to compare the curves 
is to plot the data on paper which has been ruled according to the 
theory of probability, with small spaces near the 50 per cent. mark 
and wide ones near the 0.01 and 99.99 per cent. marks. If the data 
follow the theory, they will plot out in a straight line. Those who 
have difficulty in following this part of the discussion would be much 
helped by reading Whipple’s™ and Rugg’s * little books on applied 
statistics. 

Figure 3 shows the data for 5,807 women and 2,930 men plotted 
on probability paper. It will be noted that the figures for the women 
between pressures of 110 and 130 lie along a straight line ; as do those 
for the men between 90 and 140 mm. This suggests strongly that 
within those limits deviations from the average are due to various 
small errors subject to the law of chance. Deviations above and below 
these limits are probably due to pathologic factors. It will be noted 
also that the line for the women is more nearly vertical than that for 
the men. This demonstrates a fact which will be shown again later 
in other ways, and that is that the dispersion is less for the women: 
i. e., their readings are grouped more closely about the average. This 
is well shown in Figure 2 where we can compare the distribution curve 
for the women with that for the men. The women’s curve is high 
and narrow; the men’s is low and wide. The average for the women 
is 115 mm.; for the men 126.5 mm. If we get the average of the 
deviations from the average we find that for the women it is 8.0 
mm., and for the men 10.8 mm. In Figure 2 the distribution curves 
have been smoothed so as to remove the humps which are seen in 
Figure 4. This smoothing is done by averaging the values of different 
points on the curve with the values of the two adjacent points ( Rugg,’” 
p. 184). The solid lines represent these smoothed curves. The lines 
of dots and dashes represent th: probable curves secured by plotting 
the intersections of the two straight lines drawn through the data in 
Figure 3. The dotted lines represent the theoretical curves obtained 
mathematically, using the so-called standard deviation which for the 
women is 2.12 (of the 5 mm. abscissae units) and for the men, 2.98. 
Given these data it is easy to calculate the values of the ordinates cor- 
responding to the different abscissae. The results of the graphic and 
mathematical methods are so close for the women that only one theo- 
retical curve has been plotted. 


11. Whipple: Vital Statistics, N. Y., 1919. 
12. Rugg: Statistical Methods Applied to Education, Boston, 1917. 
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A glance at these curves shows that the agreement between the 
found and the theoretical data is close. The main difference is that 
the actual curves drop off a little too rapidly at first on the upper side 
and then later they do not drop off fast enough. This deformity of 
the curves suggests strongly that the figures over 137 mm. for the 
women and over 148 mm. for the men represent pathologic conditions. 
If we turn again to Figure 3, we see that according to the theory 
of probabilities only one man in 10,000 should have a pressure over 
175. Actually there were eight in 2,930 or twenty-seven in 10,000. 
Similarly, there should have been only one woman in 10,000 with a 
pressure over 150; actually there were twenty-five in 5,807 or 43 in 
10,000. 

The higher figures are modified by the incidence of hypertension ; 
the lower ones by fainting and perhaps by convalescence from acute 
infections. I threw out a number of records below 90 mm. on which 
fainting was definitely noted, but it is likely that many of the low 
records included might also have been removed for this reason. To 
be entirely consistent, I should probably have left these records in, 
just as I have left in the high records in cases where excitement may 
have been a disturbing factor. 

In Figure 1 it will be noted that the modes or apices of the men’s 
curves lie between 120 and 130; those of the women lie between 110 
and 120. This difference of 10 mm. between the pressures of the two 
sexes has been noted by previous observers. It is remarkable that 
there is practically no change in the location of the mode between the 
ages of 18 and 40. That for the men is actually a little lower at 33 
than at 17; and that for the women is lower at 38 than at 16. 

There are some differences in the frequency polygons for the 
various age groups, but owing to inaccuracies in the readings, to the 
smallness of some of the groups and to uncertainties about the samp- 
ling we cannot lay much stress on them. The sexual difference is 
most marked at the age of 24. It is suggestive that the curve for 
the 16 year old boys resembles that for the women; and that for the 
women over 36 resembles that for the men. The possible significance 
of this finding will be discussed later. ° 


THE AVERAGE BLOOD PRESSURE 


Figure 4 shows the arithmetical means (averages) of the different 
age groups plotted on coordinate paper. It will be seen that the curve 
of average pressure not only does not rise steadily as it has been sup- 
posed to do, but actually drops from 17 to 25 in the women and from 
17 to 21 in the men. This finding was so unexpected that every care 
has been taken to insure the accuracy of the figures. Ordinarily, 
such averages are obtained by grouping the data and then applying 
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short-cut methods. In this case no grouping was done, and the figures 
charted represent the means of the actual data as they were taken off 
the records. As there was considerable doubt about the reliability of 
the sampling in the men’s group, I divided the data into two parts: 
those obtained in 1919, and those obtained before that. Figure 5 
shows the average for the two groups separately and combined. Many 
of the ages are not represented because the number of readings was 
too small. In order to save time these averages were computed by 
the short-cut method. The dotted line is that of the more exact aver- 
ages shown in Figure 4. These curves show the reliability of the 
sampling for the women. The 1919 women (between 17 and 22) 
average about 1.0 mm. higher than do those for the preceding years. 
This difference is so small and so consistent that it may be due to the 
petsonal equation of the examiners or to errors in their instruments. 
The trend of the average in both groups of women is downward during 
these years. 

When we turn to the curves for the men we find differences so 
large that it would seem that they must be due to disturbances in the 
sampling. This difference ranges from 9 mm. at 18, to 3.5 mm. at 23; 
the 1919 men showing the higher figures. The average of the 1919 
men falls from 18 to 23, while that of the pre-nineteen men rises from 
18 to 24. No significance can be attached to the big rise in the com- 
bined average at 24 because it is not present in the pre-nineteen curve, 
unless it be that the rise at 23 there corresponds to the rise at 24 in 
the 1919 curve. It is hard to explain the big differences in the men’s 
curves as we do not know enough about the ways in which the sampling 
was modified. Some might perhaps ascribe the increase in average 
pressure in 1919 to the strain of the War year, but that seems to me 
improbable. 

There is little doubt about the drop from 17 to 25 in the women’s 
curve as it appears in both the 1919 and the preceding groups. It 
appears also in the curve drawn from data secured on 1,000 of my 
office patients. This drop does not seem to have been described here- 
tofore. The most extensive studies of the yearly average have been 
made by MacKenzie * and Fisher.* Their figures, for men only, when 
plotted on coordinate paper, lie in a practically straight line from 119 
mm. at 17 to 140 mm. at 66. Unfortunately, these observations have 
little value to us; the line had to be straight because only those men 
were accepted who varied within prescribed limits from a prescribed 
standard. 

After 25, the average curve for the women rises rapidly. In the 
series of office patients it was found to rise so much more rapidly 
than that for the men that it crossed over about the age of 40. After 
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Fig. 1—Frequency distribution curves for men and women students at dif- 
ferent ages. The abscissae are pressures in mm. and the ordinates are per- 
centages. In order to shorten the chart the ordinates for different age groups 
are made to overlap. 
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that the women averaged higher than the men (Fig. 6.). What we 
need now is more information about the trend of these average curves 
below 17 and above 35. We must know where the sexual difference 
appears and when it disappears or becomes reversed. Work is now 
being done on this problem in the children’s clinic at the Universities 
of California and Stanford. 

Another feature of the frequency distribution curves in Figure 1 
which requires comment is their apparent bimodality, i. e., their ten- 
dency to show two peaks. Exceptions are found in the men at 16, 19, 
23, 24 and 25, and in the women at 20, 23, 24, 25 and 36. This pecu- 
liarity is due in most instances to the tendency of the examiners to 
read to the nearest multiple of 10 on the scale. That tendency, how- 
ever, will not explain the bimodality of the men’s curves at 17 and 31, 


vo on ne 20 0 Me so 90 i en en en, en en ee, ed 


Theoretical curve computed from Standard Deviation 
. si - " probability paper 


Fig. 2—The solid lines represent smoothed frequency curves for 5,807 
women and 2,930 men students from 16 to 40 years of age. The dotted lines 
represent the corresponding theoretical curves computed mathematically. The 
dash and dot lines represent theoretical curves obtained by plotting the straight 
lines in Figure 3. The ordinates are percentages and the abscissae, pressures. 


and of the women’s curve for 16, where modes fall on 105, 115, and 
135 mm. Particularly in the case of the women, where the readings 
were made with great care, it is hard to understand why the sides 
of the graph should show so little evidence of deformity when the top 
is deeply notched. If we could be sure of the figures, the bimodality 
of the curves might lend support to my theory that there are perhaps 
two types or varieties of the human species: one in which hypertension 
will not develop, except perhaps in old age; and the other in which 
it, or allied disturbances, develop early on the basis of a congenital 
predisposition. Unfortunately for this argument, even when there 
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are two groups, if their modes are close together the fused curve will 
be unimodal. This is shown in Figure 7, where the solid line represents 
the distribution curve for all the women and men, taken together. 
Here we see how two groups with different modes can fuse so that 
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Fig. 3.—Shows the data for men and women students plotted on probability 
paper. The ordinates represent percentages; the abscissae, pressures. If the 
observations followed the law of probability exactly they would plot as a 
straight line. 


the resultant curve is similar in form to the individual ones. If there 
had been equal numbers of men and women in the two groups the 
combined curve would have been like that in the corner of Figure 7. 





PN iE gle 4 











392 ARCHIVES OF INTERNAL MEDICINE 


That curve, with its mode at 120, probably comes pretty close to 
representing the distribution of blood pressures in Americans between 
16 and 36. 
DISCUSSION 

Before entering on a discussion of the findings it might be well 
first to answer an objection which has been made by many of the 
friends who have seen these data during the last year, and which may 
be made again. These men felt that the higher figures should be dis- 


regarded because it is well known that the pressure in some people 
varies from hour to hour, and that it often goes up under excitment.* 


119 
18 
117 
116 
115 
114 
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Fig. 4.—Shows the curves of average pressure for men and women between 
the ages of 16 and 40. 
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25-26 
27-30 
31-35 


While this is true, it must be remembered that all the students were 
examined in the same way so that all were equally subject to excite- 
ment; and yet one developed a pressure of 115 mm., another 155, and 
another a fainting spell with a pressure of 80. By examining the men 
with 155 and 80, day after day, we might, perhaps, get figures more 
nearly in accord with our ideas of what they should be, but such 
juggling of disturbing data is not permissible in a scientific study. 
If we are going to measure some over again we must measure them 





13. O'Hare: Am. J. M. Sc. 159: 369, 1920. 
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all. On another day some of the high pressures would undoubtedly 
be lower, but some of the borderline ones and some even of the high 
ones would be found higher. ; 

-Unfortunately, I have not beén able to measure these students 
over again, but I have taken a series of carefully recorded measure- 


132 
131 
130 
129 
128 
127 
126 
125 
124 
123 
122 
121 
120 
119 
118 
117 
116 
115 


114 


113 
17 1819 20 21 22 25 24 years 
Fig. 5.—Showing differences in the averages in the different age groups, 
for 1919 and for 1916-1918. The ordinates are pressures and the abscissae, ages. 
The middle lines show averages for the combined data of 1916-1919. These 
averages were obtained after grouping the data by stages of 5 mm. The dotted 
lines are exact averages taken from Figure 4. 


ment on 100 consecutive office patients, 50 women and 50 men, who 
were observed twice at varying intervals of time. In spite of the fact 
that many of these people took treatment: rest cures, etc., in the 
interims between the two measurements ; and in spite of wide individual 
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variations, there was a difference of only 0.07 mm. between the first 
average and the second. On the second examination, the women 
averaged 1.94 lower, while the men averaged 2.08 mm. higher. These 
findings make me feel that if I could measure the students over and 
over again with great care, individual variations would probably 
balance each other so that the frequency polygons and averages would 
remain about the same. Furthermore, it must be remembered that 
not only can the excitement account for an increase in pressure but 
a tendency to hypertension will often account for the excitement. 
The phlegmatic individual with a normal pressure is perhaps bored by 
the proceeding, while the keen hypochondriac with an over sensitive 
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Fig. 6.—Shows yearly averages on 1,000 office patients. The abscissae repre- 


sent age groups. The curve for the women is below that for the men before 
40, and above it afterwards. 


and erratic vasomotor system is afraid that serious organic lesions will 
be found ; he gets nervous and his pressure goes up. It is not improb- 
able also that it is the man with the hypertensive diathesis who is 
most likely to show the wide variations. One of the characteristic 
things about these people is their vasomotor instability; they blush, 
they blanch, they feel hot in one part of the body and cold in another. 
There is good reason, therefore, for expecting their blood pressures to 
be more variable than those of the people with good vasomotor control. 
Furthermore, we probably get a much better idea about a man’s vaso- 
motors and his blood pressure when he is under a little strain than 
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when he is under the most favorable conditions, just as we can judge 
better about a man’s heart after exercise; about his pancreas after 
feeding sugar, and about his kidneys after feeding salt or urea. At 
any rate, the essential point is that if a thousand young people are 
examined on one day under the same conditions, with the same instru- 
ments and the same examiners, some will be found with low pressures, 
many with medium ones and a considerable number with high ones. 

The next thing to do before we can discuss the incidence of hyper- 
tension in these students is to define the limits of normal. Such a 
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Fig. 7—To show that a unimodal curve.can conceal the fact that there are 
two groups present with modes at 115 and 125 mm. The solid line represents 
the distribution for 8,737 men and women together. The small curve in the 
corner shows this distribution as it would have been if there had been equal 
numbers of men and women. 


definition will be of interest not only to the student but to the clinician 
and to the life insurance medical director. There are several ways in 
which we can approach this problem. We can find the average and 
take certain limits on each side of it; we can study the points of 
divergence of the actual from the theoretical frequency curve, and 
best of all, we can watch a large series of borderline cases to see which 
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ones have, or later develop, other signs of cardiovascular-renal 
peculiarity. 

The arithmetical mean for the men is 126.5; for the women 115.0 
mm. If we exclude the data below 100 and above 130 we get 120.3 
for the men and 114.4 for the women. Figure 3 shows that the median 
or mid number of the men is 123.5; for the women it is 112.5. The 
median is often a good measure of central tendency because it is not so 
much affected by the widely divergent figures as is the mean. Mathe- 
maticians often estimate the “probable error” or limits within which the 
middle 50 per cent. of the data will lie. For the men these limits ane 
115-132.5 for the median and 116.5-136.5 for the mean. For the women 
the limits are 105-119 for the median and 107.8-122 for the mean. 
Judging by clinical experience, these figures do not seem to be very 
helpful. They suggest that the measures of central tendency are placed 
too high for the men. They show again very clearly the great differ- 
ence in the dispersion of the data for men and women. 

If we turn to Figure 3 we note that the data for the women fol- 
low the law of probability between limits of 100 and 130 mm.; the 
data for the men follow the law between 90 and 140 mm. That sug- 
gests strongly that between these limits variations from the average 
are due to many small errors attendant on the method of measurement, 
the condition of the subject, etc. Above and below these limits the 
divergence of the found from the expected would appear to be due 
to pathologic causes. This is shown still more clearly in the curves 
from office patients. See figure 8. In these, there can be no doubt 
but that the humps off to the right, in some instances entirely separate 
from the main polygon, represent pathologic cases. 

Let us turn now to the limits which have been set by various 
writers in the past. One often hears it stated that the pressure for 
any age is roughly 100 plus the age. Figure 4 shows at a glance that 
that rule cannot be used in youth when the pressure is declining with 
age. The life insurance statistics show that it cannot be used even 
for older men. According to MacKenzie, the normal range for men 
between 15 and 39 is 26 mm. Taking our mean of 126.5, the limits 
would be 113.5 and 139.5. Fisher thinks 12 mm. above the average 
for the age is a permissible deviation. For the women this would 
make 127 the upper limit. Janeway ** was inclined at first to take 
150 or 160 mm. as the upper limit of normal, but in 1915 ** he said, 
“T am inclined to revise my former opinion and to agree with Cook 
and Lauder Brunton before him that over 135 mm. up to middle life, 


14. Janeway: Arch. Int. Med. 12:755 (Dec.) 1913. 
15. Janeway: Bull. Johns Hopkins Hosp. 26:341, 1915. 
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and 145 to 150 mm. thereafter should be regarded as pathologic 
hypertension if found on repeated examinations.” In a series of 
7,872 office patients, he found 11.1 per cent. with pressures of 165 mm. 
or over. Lee,* who studied Harvard freshmen, places the upper limit 
at 140 mm. _ In his series of cases he had 128 per cent. exceeding 
that figure; at the University of California there were 20.4 per cent. 

It seems pretty clear from a study of the literature that with the 
passage of time and the accumulation of knowledge about the sub- 
ject, the tendency is to lower the upper limit of normal. A few 
years ago I would have accepted 135 or 140 mm. as the upper limit 
of normal for young people, but I have seen so many men and women 
in whom pressures between 130 and 135 were associated with irritable, 
enlarged hearts, anginoid pain, dizziness, morning headache, cyanotic 
hands, transient albuminuria and other typical findings, that we feel 
that the upper limit for the men should be placed at 130. Theoreti- 
cally the limit for the women should be 5 or 10 points lower, but 
practically it would seem to be a little higher, perhaps about 127. This 
may be because women often appear to tolerate hypertension better 
than the men do. 


TABLE 3.—Percentaces INCLUDING AND Over THE DIFFERENT PRESSURES IN 
THE CALIFORNIA STUDENTS; IN THE StTupENTs Stupiep By BARACH 
AND Marks, AND BY Lee (See BristiocrapHy); IN OnE THov- 
sAND Orrice PATIENTS, AND THIRTEEN THOUSAND 
Seven Hunprep AND EicGuHtry-Nine Muippie 
Acep MeN ApPLYING FoR INSURANCE 




















Univ. of California Students Barach Office 13,789 

Blood | — —-——--————_ —- and Patients, Insurance 
Pres- Men Women Marks, Lee 10-40 Years Appili- 
sure, -—-—_--- — -—- —_—_—_ | -—— 18-31 —— cants, 
Mm. 1916-1919 | 1916-1918 | 1916-1919 Years Men | Women Men 

130 46.0 36.0 12.0 47.0 — 530 | 38.0 

135 28.9 ane 5.1 

140 20.4 12.0 24 24.0 12.8 26.0 21.0 

145 11.5 aand 0.8 

150 5.6 4.7 O4 9.4 eeee 14.0 12.0 9.0 


- — —— —y- — — — 


According to Table 3, the 130 mm. limit seems reasonable enough 
so far as the women students are concerned; but it seems as if it 
must be too low for the men. It may be, of course, that the sampling 
was bad, and that in later years we will get figures even lower than 
those obtained in the years before 1919. It is interesting to see how 
much more frequently hypertension is found in women who go to a 
doctor’s office than in women who go to college. The difference is 
not so marked for the men. At first sight these figures may seem 
incredible, but let us check them in several ways. At the office I 
have found that practically all of the men with pressures over 130 
show other signs of cardio-vascular peculiarity. The insurance exam- 
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iners say that 83 per cent. of the applicants with pressures over 150 
can be rejected for albuminuria, cardiac hypertrophy, etc. (1917, p. 
252). Table 2 in my article on drafted men shows how rapidly the 
percentage of such abnormalities rises with the increase of blood 
pressure: from 54 per cent. at 130 mm. to 100 per cent. at 166 mm. 
Lee found other cardiovascular troubles in twenty-two out of the 
eighty-five students with pressures over 140 mm. In this group of 
662, 5.1 per cent. had albuminuria. MacLean ** who studied 60,000 
soldiers (already selected) found albuminuria in 12.6 per cent. after 
exercise. Unfortunately, the statistics of the provost marshall general 
on the draft do not help us much because so many of the men did not 
have a complete examination, but were dismissed as soon as some 
obvious disqualification such as an amputation, a stiff joint or a large 
hernia became apparent. Moreover, the work was done hurriedly; 
blood pressures were rarely taken and analyses of the urine were 
rarely made. In 1917, 2,521 of those passed into the army had almost 
immediately to be treated for valvular heart disease." Even among 
the carefully picked aviators, Whitney * found 5 per cent. who had 
to be rejected on this score. Hence it is that the 13.1 per cent. 
rejected for heart disease by the local boards and induction exam- 
iners ** did not include all even of the obvious and striking cases of 
cardiac disease, let alone those with nephritis and hypertension. In 
some states, where the examination was probably conducted more 
carefully, the figure rose as high as 22.8 per cent. Under the circum- 
stances, then, remembering how highly diluted these percentages are 
by the number of cases in which the heart was not examined, we must 
be impressed by the high incidence of cardio-vascular disease in the 
young men of the nation. 

In the discussion on Dr. Fisher’s paper, Dr. Van Wagenen pointed 
out that 40 per cent. of 17,500 deaths studied by his company were 
traceable to cardiovascular-renal disease in one form or another, (1917, 
p. 259). As he said, “It makes little difference to us whether a man 
begins the circle of disease with an apoplexy, a chronic heart trouble 
or kidney disease; if he lives long enough he will develop all those 
different troubles.” As we know that many of those who come to 
their end on account of hypertension, arteriosclerosis, heart and kidney 
disease are reported as having died of pneumonia, acute dilatation of 
the stomach, etc., we must suspect that at least one-half of all deaths 
are attributable to chronic cardiovascular disease. If, as I believe, the 


16. Maclean: Brit. M. J. 1:94, 1919. 

17. Second Report of the Provost Marshall General, Washington, 1919, 
p. 424. . 
18. Whitney: J. A. M. A. 71:1389 (Oct. 26) 1918. , 

19. War Department Bull. 11, 1919, p. 84. Physical Exam. of the First 
Million Dratt Recruits. 
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tendency towards these troubles often exists from birth, then, if we 
look carefully enough, we need not be surprised if we find slight 
hypertension or other related peculiarities in about 50 per cent. of young 
men. I shall discuss shortly a possible explanation for the fact that 
these defects show up so much later in the women. 

The main hope in attempting to define an upper limit of normal 
is that we may be able later to say from experience that if a boy has 
a_pressure above a certain figure he is going, if he lives long enough, 
to develop definite cardio-vascular disease. It may prove impossible to 
prophesy about those with low pressures because some, perhaps, will 
develop hypertension in middle life, while others will live on past 70 
with remarkably good arteries and kidneys. We will have to follow 
for the next forty years a large series of young men with apparently 
normal cardiovascular systems before we can say how many develop 
the degenerative diseases late out of a clear sky, and how many appear 
to develop them late, but really have shown a few signs and symptoms 
from childhood. The insurance directors who re-examine and follow 
up their cases will undoubtedly be able later to answer many of these 
questions. In the meantime we can learn a great deal by taking very 
careful histories on those past middle age who come now with hyper- 
tension. Not infrequently I get histories of “heart trouble,” “kidney 
trouble,” polyuria, dyspnea, palpitation, anginoid pain and “nervous 
breakdowns” dating back into childhood or years before the patients 
discovered their hypertension. Naturally in many instances this history 
can be gotten only from the mother. She will recall diagnoses and 
symptoms which caused her great anxiety during trying periods of 
her child’s development. A review of the literature shows that chronic 
nephritis is not so uncommon in childhood and in many of the reported 
cases no infectious or other cause could be found.*® We must analyze 
a large series of these histories to see whether the children of people 
with cardio-vascular disease are more likely to develop endocarditis 
and nephritic infections after the exanthemata than are the children 
of those with good hearts and kidneys. The bacteriologists are now 
awaking to the fact that the virulence of organisms is not the only 
variable and the resistance of the guinea-pig a constant. They are 
beginning to suspect that particularly when studying susceptibility to 
chronic infections, they must have to develop pedigreed strains of 
animals whose reactions to disease will be uniformly high or uniformly 
low. It is unfortunate that his training makes the city specialist look 
at his patient as a lone man making a short “to a finish” fight with 
bacteria. In many instances what the physician sees is but one round 


20. Hill: Am. J. Dis. Child. 14:267 (Sept.) 1917. 
Berkeley and Lee: Am. J. Dis. Child. 183:354 (April) 1917. 
Judson and Nicholson: Am. J. Dis. Child. 8:257 (Sept.) 1914. 
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of a fight which began years before and which will drag on until old 
age appears on the scene. Moreover, the patient is not alone but is 
surrounded by the shades of many ancestors who are making the fight 
hopeless either for him or for the bacteria. 


SEXUAL DIFFERENCE 


We come now to a discussion of the big sexual difference in blood 
pressure. As I stated above, the distribution curves suggest strongly 
that if there are two types in the community, we may say that the 
women before the menopause appear to be composed almost entirely 
of the type endowed with a low pressure. This uniformity is seen 
also in the fact that half of their readings fall within limits of 7 mm. 
on each side of the average. The interesting thing is that after 35, 
the women’s distribution curve widens out so that it comes to resemble 
that for the men. We know that this big increase in blood pressure 
often comes at the menopause when the ovaries atrophy. It suggests 
that in some way the ovary is able to cover up or hold latent the ten- 
dency to hypertension which we will presume the women inherit 
equally with the men. Another possibility is that hypertension is a 
defect linked up, as are some other well known defects, with sex 
chromosome. This might explain why it appears early in the males 
who have only one such chromosome. The females have two, one of 
which may be normal and able to neutralize the defect in the other. 
With the atrophy of the ovary at the menopause the defect may appear, 
much as the plumage of a cock appears sometimes in hens with dis- 
eased ovaries. Much in favor of these theories is the observation that 
hypertension often develops early in women who show signs of insuf- 
ficient ovarian function, such as scanty and painful menstruation, 
sexual anesthesia, male distribution of body hair, infantile uterus, etc. 
We shall have to check these observations statistically to see whether 
or not the correlation is close enough to be significant. Careful studies 
will have to be made also on families to ascertain the incidence of 
hypertension (1) when neither parent has cardiovascular disease ; (2) 
when one has it, and (3) when both have it. I have already collected 
some records which show that the incidence of hypertension in children 
is likely to be very high when both parents show the defect. 

We must also study in childhood the beginning of the sexual dif- 
ference in blood pressure. Unfortunately, although considerable work 
has been done on blood pressure studies in children, I can find no data 
so arranged that we can say when the divergence appears. Some 
writers give their impression that it appears about the age of puberty, 
which is just what we should expect. If this point is settled definitely 
we shall be able to associate hypertension very closely with the evolu- 
tion of sex and thus with the glands of internal secretion. It is inter- 
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esting to note in Figure 8 that the big increase in the incidence of 
hypertension comes 10 years later in the men than in the women. 
Apparently, the strenuous life has less to do with this disease than 
has the quieting down of the sexual functions. 


PROGNOSIS 


What does slight hypertension mean in youth? Many will answer 
absolutely nothing. We know that these people can live out their 
three-score and ten and can work hard physically and mentally. I! 
agree entirely with Sir James MacKenzie, Sutherland ** and others 
who decry the tendency on the part of many physicians to treat these 
young people with “functional” cardio-vascular disease energetically 
with drugs, restricted diets and restriction of activities. Until we 
know more about the causation of the trouble, it does not seem to me 
that we have the right to prescribe minutely or to threaten the patient 
with disaster if he does not follow our instructions. Many of these 
boys enjoy athletics and we have as yet no data to show that such 
exercise will shorten life. We have no data showing that a protein 
poor diet persisted in for forty years will lengthen life. About all we 
can say is that as these people often tend to break down nervously, they 
should live within their means of strength; they should get enough 
sleep and rest, and should avoid nervous strain. 

Although the experience of men like MacKenzie who have watched 
young people with murmurs, tachycardias, extrasystoles, transient 
albuminurias, etc., for long periods of time shows that the prognosis 
is generally good as regards the immediate future, I cannot accept 
their statements that these things mean nothing at all. In one instance 
a patient expressed it very well. He was a well built athletic young 
man of 24, a nervous wreck on account of a slight hypertension 
associated with extrasystoles and palpitation. He said, “All doctors 
who see me tell me to forget it, that there is nothing the matter with 
me; but I know that my uncles all had this sort of thing and they all 
died young with myocarditis. Now, if I live long enough won't I go 
the same way?” The fact that some obscure infection took him off 
three months later suggests that his presentiments of impending dis- 
solution were not so unfounded and neurotic as most of his physicians 
thought they were. 

Although people with hypertension can round ouf fairly long lives, 
the statistics of the life insurance companies show that in the aggregate 
this disease definitely shortens the expectancy of life. This is shown 
convincingly in Table 4 made~up from data embodied in Fisher’s 
paper (1915). This shortening of life is the more striking when we 
remember that these deaths took place within a period of at most 
eight years following the application for insurance. It is also signi- 
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ficant that it was cardiovascular disease which took off at least 78 
per cent. of the men with the high pressures. 


TABLE 4—Lire Expectation 1x Persons With Hypertension * 











Per Cent. 
100 


Percentage of expected deaths according to American Actuarial tables 
Pressures of 105 and under 47 

65 
Usual experience in accepted cases 86 
10-14 mm. over average for age.... ese bes 1M 
15-24 mm. over average for age.. see 181 
25-34 mm. over average for “ eds 2065 
35-44 mm. over average for 246 
45-59 mm. over average for age 254 
6 plus mm. over average for age 450 








* 2,857 eases were observed for periods of time ranging up to eight years. 


Perhaps, we may look at it in this way: half of us are to depart 
from this world on account of cardiovascular disease. An ignorant, 
insensitive laborer may discover it at 60 when he has a stroke, or an 
acute decompensation of the heart. A business man, careful of his 
health, has his handicap discovered about the age of 40. A still more 
careful man may, perhaps, recognize in the circulatory disturbances 
of his little children the fore-runner of the process which, later in life, 
is to cause trouble. Many will ask, what good can come out of such 
pessimistic views? Several advantages may accrue. In the first place, 
we may learn a great deal about this disease by following it, not for a 
few months, but for a life-time or through several generations. Sec- 
ondly, if we ever find specific methods for combating the process, it will 
probably be helpful to begin early; and thirdly, if we find that these 
diseases run through a lifetime we may spare our patients endless 
annoyance and financial loss in attempts at cures through tooth pulling, 
tonsil removing, purgation, sweating, use of drugs, high frequency 
currents, etc. Much light might be thrown on the etiology of.the dis- 
ease by studying the nature of the inheritance. Thus, if it be shown 
that not infrequently a man with a “pure hypertension” can have a 
father with marked arteriosclerosis, a mother with myocarditis, an 
uncle with nephritis and children with orthostatic albuminuria, and 
“functional murmurs,” we will be in a position to say that these 
manifestations are probably all related. 

It is to be desired that in the future those who write on this sub- 
ject will give not only a few averages, but tables of frequency dis- 
tribution so that their data can be used again and studied in other 
ways by subsequent observers. 


SUMMARY 


A statistical analysis has been made of the blood pressures in 
8,737 University of California freshmen and 1,000 office patients. 
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The mathematical treatment of these data suggests that pressures 
over 130 mm. for the women and over 140 mm. for the men are 
abnormal. The arithmetical mean for women between 16 and 40 was 
115 mm.; for men, 126.5 mm. 

The blood pressure in young women is much more uniform than 
in men. The range for the women was practically from 85 to 155; 
for the men it was from 90 to 175. Fifty per cent. of the women’s 
readings fell between 105 and 119 mm.; 50 per cent. of the men’s fell 
between 116.5 and 136.5 mm. 

High blood pressure appears earlier and to a greater degree in 
young men than in young women. 

The average blood pressyre in the women rose from 16 to 17; then 
dropped to 25 and after that rose rapidly. Little can be said about 
the men’s yearly averages on account of disturbances in sampling 
brought out by the world war. Averages from the office patients 
showed that the pressure for women drops from puberty to 25, after 
which it rises so rapidly that the women catch up with and pass the 
men after 40. Apparently changes in the gonads of men and women 
have more effect on the blood pressures than has the strenuous life. 

It is suggested that hypertension is based on a hereditary pecu- 
liarity. Its manifestations appear to be suppressed in women as long 
as the ovaries function well. 

From clinical experience it would seem that pressures over 127 in 
women, and over 130 in young men, are indicative of a hypertensive 
diathesis which is associated with many typical symptoms and findings. 

Fifty out of a hundred men will die of cardiovascular disease. This 
makes its appearance at different ages in the different men. The 
writer believes that careful examination would show the beginnings of 
such disease in childhood and youth, even in those individuals who 
are to round out a fairly long life. He believes that a hereditary pre- 
disposition is the most important etiologic factor. 

Suggestions are made for further work along the lines of these 
hypotheses. 


I wish to thank Dr. Robert Legge and Dr. Ruby Cunningham for their 
cooperation and their kindness in giving me access to their excellent records. 





A METHOD FOR THE PERMANENT STAINING. OF 
RETICULATED RED CELLS * 


T. DONALD CUNNINGHAM, M.D. 
BOSTON 


In the clinical study of pathologic conditions of the blood and bone 
marrow, the recognition of immature forms of red cells is often of 
great importance. In specimens fixed and stained by the ordinary 
methods, the chief evidence of immaturity are the presence of 
nucleated, polychromatophilic and probably stippled red cells. With 
the possible exception of the nucleated erythrocyte, however, none 
of these forms has been generally studied with a view to obtaining a 
quantitative index of the variation in bone marrow activity. This is 
undoubtedly due to the fact that they are rarely found in normal 
blood,.and that even in conditions in which a stimulation of the bone 
marrow may be assumed they may be present in very small numbers. 
In this connection considerable interest has been manifested in 
recent years in the so-called “reticulated cells,” in which a fine or 
coarse network, or a fine granulation arranged in threads may be 
demonstrated by means of one of the vital stains. The normal num- 
ber of these cells present in human blood is generally considered to 
be 0.8 per cent. 

Among the first to observe this reticulation was Ehrlich * who, by 
means of a dried blood film stained with a saturated solution of 
methylene blue, described nets in the red blood corpuscle in cases of 
anemia and also under normal conditions. At this time he considered 
these nets an indication of degeneration of the erythrocyte. Askanazy,* 
twelve years later, using Pheln’s stain, noted a reticulated substance in 
the erythrocytes of a rapidly progressing anemia but did not discuss 
their relation to the condition. In a still later paper * on the signifi- 
cance of megaloblasts in secondary anemia he mentions erythrocytes 
filled with a net-like structure but fails to mention the stain used in 
bringing them out. Apparently, the reticulation present in immature 
forms of red cells was generally unknown, or regarded as of little 
importance save for the two writers mentioned, as Ewing* in his 


* From the medical clinic of the Peter Bent Brigham Hospital, Boston, Mass. 
This is study No. 11 of a series of studies on the physiology and pathology of 
the blood from the Harvard Medical School and allied hospitals. 

2. Ehrlich, P.: Berl. klin. Wchnschr. 3:43, 1881. 

2. Askanazy, S.: Ztschr. f. klin. Med. 23:80, 1893. 

3. Askanazy, S.: Ztschr. f. klin. Med. 27:492, 1895. 
4. Ewing, J.: Clinical Pathology of the Blood, Lea Brothers Co., Phila- 
delphia, 1901. 
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book on the clinical pathology of the blood says: “Neither membrane 
nor reticulum have been fully demonstrated in the human red cell 
although both from analogy have been supposed to exist.” In the 
same year Levaditi® started the use of brilliant cresyl blue as a vital 
stain, and although he describes the red cells there is no mention of 
reticulation. A year later Heinz* speaks of a regular network of 
chromatin and granules in the erythrocytes of embryos in fresh prep- 
arations stained with an Ehrlich-Biondi-Heidenhain mixture, but does 
not discuss the possible relation of the so-called network to reticulation. 
From 1907 until 1913 the red cells gained considerable prominence, 
many clinics contributed work, either in regard to reticulation and 
polychromatophilia, or the source and significance of granules in 
erythrocytes. Cesaris-Demel* stained fresh blood with brilliant cresyl 
blue, and divided the extra nuclear material seen into substance A, 
reticulation ; substance B, granules ; and substance C, large round eccen- 
tric granules seen only in bloods which contain nucleated red cells. 
These substances were considered to be signs of youth of the cell 
which conception is held today. Meves*® the same year described 
similar substances in the bloods of hens and guinea-pigs, stating that 
they are identical with the mitochondria of embryo sperm cells. 
Shipley,’ working on the blood of embryo pigs, pictured practically 
the same material which he also called mitochondria; whereas 
Buchanan,’ writing at an early period, was inclined to consider these 
different forms of the same substance. He said: “These so-called 
basophilic granulations may appear as dots, rods, irregular patches 
and as I have often noticed spiral markings. Erythrocytes of any 
shape either nucleated or nonnucleated may be thus effected.” 
Chauffard and Feissinger,“ in experimental anemia, investigating 
hemolytic jaundice, describes the reticulated cells under the name 
“hematies granuleuses.” Later Chauffard,** Widal** and _ his 
co-workers definitely established the relation of reticulation to familial 
hemolytic jaundice in which the reticulated cells may reach as high as 
62 per cent. Biondi" is the first to state that reticulation and poly- 


. Levaditi, C.: J. de Physic et de Path. Gen. 3:425, 1901. 
. Heinz, R.: Virchows Arch. f. Path. Anat. 168:504, 1902. 
. Cesaris-Demel, A.: Folia hematol. 4s:1, 1907. 
. Meves, F.: Anat. Anz. 21:399, 1907. 
. Shipley, P. G.: Folia hematol. 28:59, 1915. 
10. Buchanan, R. J. M.: The Blood in Health and Disease, Oxford Medical 
Publications, 1909, p. 105. 
11. Chauffard, M. A., and Feissinger, N.: Bull. et mem. Soc. méd. d’ hop. 
de Par., Nov. 8, 1907. 
12. Chauffard, M. A.: Semaine méd., No. 5, 1908. 
13. Widal, Ambri and Brule: Soc. méd. de hép. de Par., Nov. 29, 1907. 
14. Biondi, C.: Folia hematol. 5:443, 1908. 
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chromatophilia are the same, depending on the manner of staining. 
Pepper and Peet ** agree with him. Cesaris-Demel’ believed that 
the reticulation contributes to the formation of granules in the fixed 
preparation. Pappenheim ** summarized the literature, agreed with 
Demel and concluded that reticulation is an evidence of youth of 
the erythrocyte, accompanies polychromatophilia but is surely not of 
nuclear or chromatic origin. In the same year Hawes," working on 
the relation of reticulation, polychromatophilia and stippling, decided 
they were “but different forms of the same process.” To part of this 
Schilling-Torgau ** agrees, that reticulation and stippling are the same, 
but he does not retain the same view regarding polychromatophilia. 
Negreiros-Rinaldi ** upheld Schilling-Torgau’s opinion. 

Clinically, the number of reticulated cells in a variety of condi- 
tions have been reported. Vogel and McCurdy * studied the blood 
of pernicious anemia patients before and after transfusion. Lee ** 
and his co-workers also observed these cells in cases of the same 
disease, before and after splenectomy. Robertson,*? working on the 
question of blood production, reported a diminution of reticulated 
cells during plethoric stages and an increase when there are signs of 
blood destruction. He, as well as Bock,* considered the percentage 
of reticulated cells of prognostic importance in cases of hemorrhage 
following wounds. Many cases of familial hemolytic jaundice are 
recorded with the usual high percentage of these cells. Harrop * 
recently showed that the oxygen consumption of blood which contains 
an abnormal number ~* ~+eticvlated erythrocytes has an oxygen con- 
sumption proportioii.. (o  * -ercentage of reticulated cells present. 

These observers dw’ enter into the question of the relation of 
reticulation to polychromatophilia and stippling, a relation which at 
present is rather obscure and undoubtedly requires further investigation 
in order to correlate the many widely divergent opinions. However, 
they share what seems to be the universal opinion, that reticulation is 
an evidence of blood regeneration and the percentage of these cells 
in the blood stream a reliable indication of the hematopoietic activity 
of the blood forming organs. 


15. Pepper, O. H. P., and Peet, M. M.: Arch. Int. Med. 12:81 (July) 1913. 

16. Pappenheim, A.: Folia hematol. 7:19, 1909. 

17. Hawes, J. B. 2d: Boston M. & S. J. 161:493, 1909. 

18. Schilling-Torgau: Folia hematol. 1:327, 1911. 

19. Negreiros-Rinaldi: Arch. Ital. de biol. 66:273, 1916. 

20. Vogel, K. M., and McCurdy, U. F.: Arch. Int. Med. 12:707 (Dec.) 1913. 

21. Lee, R. 1., Minot, G. R., and Vincent, B: J. A. M. A. 67:719 (Sept.) 1916. 

22. Robertson, O. H.: J. Exper. Med. 26:221, 1917. 

23. Robertson, O. H., and Bock, A. V.: Report of Shock Committee, Medical 
Research Committee, No. 25, March 14, 1919, p. 222. 

24. Harrop, G. A., Jr.: Arch. Int. Med. 23:745 (June) 1919. 
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The customary manner of observing reticulated erythrocytes is by 
the use of one of the vital stains, namely, brilliant cresyl blue, Janus 
Green B, Unna’s polychrome methylene blue, crystal violet or methylene 
blue. The usual method of preparing a blood film is to mix a drop 
of the stain with an equal amount of blood, drop on a cover of glass, 
seal the edges with petrolatum and examine with the oil immersion lens. 
This type of preparation keeps only about three hours. 

In this study, however, it was found that permanent preparations 
could be made by combining a vital with a Wright’s stain. The reticu- 
lation is as clear, if not clearer, than by the older methods, and the 
Wright’s stain retains all its differential qualities, except the poly- 
chromatophilia, which is not present. The ease and simplicity of this 
method brings the study of reticulated erythrocytes within the scope 
of routine blood examination. 

The technic is divided into two stages. First, a small drop of a 
0.3 or 0.5 per cent. aqueous or alcoholic solution of brilliant cresyl 
blue is placed on the end of a clean slide or the center of a cover 
glass, smeared around over an area 1.5 cm. in diameter with the aid of 
a match or glass rod and permitted to dry. After this is dry there 
may be a narrow margin of thick stain which should be wiped off 
with a damp cloth, leaving a central, uniform area. These slides or 
cover glasses may be prepared in large quantities, and if stacked 
side by side in a box and kept dry the stain will not deteriorate. The 
second stage consists of taking a drop of fresh blood on a clean 
coverslip and dropping it face down on one of the areas of dried 
stain. If the coverslip is clean the blood will quickly spread to the 
edges. The stain goes into solution almost instantly. (This prepara- 
tion may be observed as a vital stain.) The cover glasses, or slide and 
cover glass, are now pulled apart as in making an ordinary blood 
smear and are permitted to dry. Smears may also be made by placing 
the drop of blood directly on the dried stain and spreading it with a 
cigarette paper or another slide. On drying, the blood turns a dirty 
greenish blue color. The slide or cover glass is then stained with 
Wright’s blood stain. Too vigorous washing causes the reticulum 
to lose some of its stain. The preparation is dried in the usual man- 
ner and when mounted in Canada balsam keeps at least four months 
and propably much longer. 

The reticulum is stained a deep or light blue, depending on its 
density, and gives a striking picture in its contrast with the pink 
protoplasm of the cell as shown in the accompanying illustration. 
Various types of reticulation are easily seen from the heavy skein- 
like material to knotted granular particles connected by delicate blue 
threads and finally the separate granules which resemble stippling 
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seen with Wright's stain alone. The nucleated erythrocytes in human 
blood usually have many fine threadlike blue staining filaments around, 
or radiating from the nucleus. There is no polychromatophilia seen. 
Whether the reticulation has replaced the polychromatophilia or not 
is a question requiring further investigation. The examination of 
many smears certainly suggests this as a possibility. 

After this work was completed, it was found that Hawes *’ had 
used a similar method in 1909, that Schilling-Torgau '* had used a 
similar but more complicated procedure, and that Pepper and Peet * 
stated that preparations could be made in this manner. However, 
the increasing interest in hematology, plus the importance and sim- 
plicity of this method, seems to warrant its presentation again. 


I wish to thank Dr. Francis W. Peabody for his kind assistance and helpful 
criticism in this work. 
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ON THE BEHAVIOR OF THE PYLORIC SPHINCTER 
IN NORMAL MAN * 


C. W. McCLURE, M.D. L. REYNOLDS, M.D. 
AND 


C. O. SCHWARTZ, M.D. 


BOSTON 


Systematic studies of motor phenomena of the normal gastro- 
intestinal tract have been so largely carried out in the lower animals 
that but little detailed description of them in man is available. The 
results obtained from the studies in the lower animals can be applied 
only in a general way to the physiology of the digestive tract in man. 
It follows that more intimate knowledge concerning the motor phenom- 
ena of the alimentary canal in man would aid in the interpretation of 
results obtained from experimental studies of various phases of the 
pathologic physiology of human digestion. For this reason the work, 
with which the present report deals, was undertaken. It comprises 
observation on the behavior of the pyloric sphincter of the normal man 
in relation to various foodstuffs, and also to the presence of acid and 
alkaline solutions introduced into the stomach and duodenum of per- 
sons whose gastro-intestinal tracts were considered normal. 

The results obtained from the latter observations bear particularly 
on the question of the “acid control” of the pyloric sphincter. The 
theory of the “acid control” of the sphincter was suggested by Pawlow,’ 
among others, and was elaborated later by Cannon.? In epitome the 
theory is that the presence of acid in the antrum of the stomach 
causes relaxation of the-pyloric sphincter, while the presence of acid 
i. the duodenum causes the sphincter to contract. The evidences on 
which this theory are based were, again, obtained from experiments 
carried out on the lower animals. There are, however, phenomena 
occurring in the lower animals which it is admitted that the theory of 
acid control does not explain, and for this reason other controlling 
factors are assumed to exist. Whether or not acid or some other fac- 
tor exerts the principal control of the pyloric sphincter in man has not 
been demonstrated by previous investigators. 


*From the medical clinic and roentgenographic department of the Peter Bent 
Brigham Hospital. 

1. Pawlow: The Work of the Digestive Glands, London, 1902, p. 165. 

2. Cannon, W. B.: The Acid Control of the Pylorus, Am. J. Physiol. 20: 
284, 1907. 
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METHOD OF OBSERVATION 


1. The degree of contraction of the pyloric sphincter when food- 
stuffs partially fill the normal stomach was studied. 

The data for this were obtained from fluoroscopic observations of 
normal human stomachs. 

2. The behavior of the sphincter relative to the passage of car- 
bohydrate, protein or fatty foods from the normal stomach into the 
duodenum was studied. 

This was determined by fluoroscopic observations of the stomachs 
of normal persons after feeding meals composed of thick oat-meal 
porridge and barium, or 140 gm. of ground lean meat and 40 gm. oi 
barium sulphate baked into a loaf, or 120 gm. of ground fatty bacon, 
5 egg yolks and 40 gm. of barium baked into a loaf. The protein and 
fatty meals were of constant bulk and consistency. 

3. Effect of the application of hydrochloric acid and sodium 
bicarbonate solution to the antral and duodenal ends of the pyloric 
sphincter on its functioning was studied. 

Observations of the functioning of the sphincter were made by 
means of the fluoroscope. 

The duodenal tube was given on an empty stomach and allowed 
to pass into the antrum in the region of the sphincter, or into the duo- 
denum. Then a meal was fed. This was a meat and barium meal, 
either rinsed down with 200 c.c. of water or made into a thick mush 
by grinding in a mortar with water. In certain cases a malted milk, 
potato starch and barium mixture was also given. After the meal had 
been ingested fortieth normal, twentieth normal and tenth normal 
hydrochloric acid and 1 per cent. or 5 per cent. sodium bicarbonate 
solutions were introduced into the sphincteric region of the antrum or 
into the various portions of the duodenum, through the duodenal tube. 

The subjects used were persons whose physical condition at the 
time of the observations was considered to be normal. The usval 
fractional clinical gastric analysis (Ewald test breakfast) showed no 
abnormalities. 

1. The study of the degree of contraction of the normal pyloric 
sphincter, observed by means of the fluoroscope. 

That the pyloric sphincter is closed when fluid food is in the 
stomach, except during the periods in which it opens to permit the 
ejection of food into the duodenum, was demonstrated in 1913 by 
Cole. His observations were so readily and easily confirmed by 
fluoroscopic studies that they are now universally accepted. In this 
way the authors have confirmed Cole’s observations a large number 


3. Cole, L. G.: Physiology of the Pylorus, Pilleus Ventriculi and Duode- 
num as Observed Roentgenographically, J. A. M. A. 61:762 (Aug. 29) 1913. 
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of times. Further evidence that the normal quiescent sphincter is in 
a state of contraction is afforded by the following facts. By the use 
of considerable pressure on the abdominal wall, barium containing 
chyme can be forced from the stomach into the duodenum, as observed 
by means of the fluoroscope. This can be accomplished probably only 
when the sphincter has opened in relation to the advance of an antral 
peristaltic wave. When it can be accomplished the filled antrum and 
first portion of the duodenum are seen to be connected by a narrow 
isthmus of barium, which represents the sphincter; on cessation of 
pressure this narrow isthmus disappears. 

When a fluid barium meal first enters the antrum of the stomach 
it frequently passes directly into the duodenum. Careful observation 
has shown that the barium does not fall through an open sphincter by 
means of gravity, but that from one to four small peristaltic waves are 
present in the antral region and that the pyloric sphincter opens in 
relation to the advance of a peristaltic wave; which latter seemingly 
ejects the barium into the duodenum. 

2. The study of the behavior of the pyloric sphincter, observed by 
means of the fluoroscope, relative to the passage of carbohydrate, pro- 
tein and fatty foods from the stomach into the duodenum. 

By means of the fluoroscope a fluid carbohydrate meal, consisting 
of 500 c.c. of malted milk in which 90 gm. of barium sulphate are 
held in suspension by the aid of potato starch, is seen to start through 
the normal pyloric sphincter from at once to within a few minutes 
after it has been ingested. The normal sphincter opens regularly as 
each antral peristaltic wave approaches and permits the passage of 
barium containing chyme into the duodenum over a period of about 
ten seconds. In two normal young men the same phenomena occurred 
after the ingestion of thick oatmeal porridge mixed with barium. 
Except in pathologic conditions accompanied by pylorospasm, opening 
of the pyloric sphincter at irregular intervals, as described by Cannon 
in cats, was not observed. The regular opening and closing of the 
pyloric sphincter, except in the presence of pylorospasm, is so well 
known after the ingestion of fluid carbohydrate meals that no further 
observations on them were attempted in the present investigation. 

Observations on the behavior of the pyloric sphincter after the 
ingestion of protein food were made in young men, ten normal, one 
with a quiescent duodenal ulcer, and one woman whose physical condi- 
tion was normal. Similar observations were made after the ingestion 
of fatty food in eight normal young men. The duration of each experi- 
ment varied from one-half hour to six hours. 

Since the results obtained in the various subjects were consistently 
uniform, only three of the experiments will be given in the following 
illustrative protocol. 
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REPORTS OF OBSERVATIONS 





Protocot I.—Observation 1—Male, aged 25. 








MEAT MEAL 












Meat and barium meal with 100 c.c. of water to drink. 
5:25 p. m.: Began eating meal. | 
5:35 p. m.: Finished eating the meal. a) 
Fluoroscopic observations; subject in reclining position. 
5:35-5:38 p. m.: Gastric peristalsis active. As each wave approached the 
pyloric sphincter barium passed into the duodenum over a period of about 



















10 seconds. 
5:45-5:47 p. m.: Ditto. 
5:53-5:55 p. m.: Ditto. 
6:00-6:05 p. m.: Ditto. 


FATTY MEAL 











Fatty and barium meal with 100 c.c. of water to drink. 

6:07 p. m.: Began eating the meal. 

6:14 p. m.: Finished eating the meal. The meal was nauseating to patient 
since he did not like fat; no nausea present after having eaten the meal. 

Fluoroscopic observation; subject in erect posture. 

6:14-6:16 p. m.: Gastric peristalsis active. As each wave approached the 
pyloric sphincter barium passed into the duodenum over a period of about 
10 seconds. 
6:21-6:24 p. m.: Ditto. 

6:29 p. m.: Ditto. 

Observation 2.—Male, aged 22. 
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FATTY MEAL 










Bacon, egg and barium meal eaten as a dry loaf and without water to drink. 

9:21 a.m.: Began eating the meal. 

9:29 a. m.: Finished eating the meal. 

Fluoroscopic observations; subject in erect position. 

9:29-9:40 a. m.: Gastric peristalsis active. As each wave approached the 
pyloric sphincter barium passed through into the duodenum. 

10: 02-10: 04 a. m.: Ditto. 

10:28 a. m.: Ditto. 

11:02 a. m.: Ditto. 

Observation 3.—Male, aged 24. Meat and barium meal eaten as a dry meat 
loaf and without water to drink. 

9:47 a. m.: Began eating the meal. 

9:57 a. m.: Finished eating the meal. 

Fluoroscopic observations; subject in erect position. 

9:57 a.m.: Gastric peristalsis active. As each wave approached the pyloric 
sphincter barium passed through into the duodenum. 

10: 17-10: 23 a. m.: Ditto. 

11:09-11:12 a. m.: Ditto. 

11:40-11:42 a. m.: Ditto. 

12: 35-12: 37 a. m.: Ditto. 















Observations on the various subjects, similar to the ones illustrated 
in the foregoing protocol, demonstrated that either the protein or the 
fatty meals began to leave the stomach within from three to ten minutes 
after the first mouthful of food was ingested; that is, as soon as the 
subject could ingest the meal and be prepared for fluoroscopic observa- 
tion. The consistency of the food did not modify its initial leaving- 
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time. Furthermore, the food passed through the pyloric sphincter into 
the duodenum as each and every antral peristaltic wave approached 
that orifice, and during a period of about ten seconds. In the same 
subject no difference in the amounts, either of the same food or of the 
different foods, which passed through the sphincter at different times, 
was observed. 

3. Effect of hydrochloric acid and sodium bicarbonate solutions on 
the opening and closure of the pyloric sphincter, as observed through 
the fluoroscope. 

In observations on two subjects from 10 to 20 c.c. portions of 
twentieth-normal hydrochloric acid were repeatedly poured into the 
stomach almost on the antral end of the pyloric sphincter. No effect 
on the opening or closure of the latter could be observed. In a third 
subject a loop of the duodenal tube entered the duodenum in such a 
manner as to pull the metal tip up against the antral end of the 
sphincter. The pouring of 20 c.c. of this acid on the antral end of the 
sphincter resulted in almost complete cessation of gastric peristalsis 
on one occasion and, on another, complete pylorospasm developed 
without demonstrable disturbance in peristalsis. The introduction of 
20 c.c. of 1 per cent. sodium bicarbonate solution was immediately 
followed by acceleration of gastric peristalsis; i. e., the duration of a 
wave decreased to thirteen seconds from twenty-two seconds. The 
action of the pyloric sphincter, as judged by its regularity of opening 
and the amount of barium which passed through it, was not affected. 
In an observation on another subject, 5 per cent. sodium bicarbonate 
solution was poured into the sphincteric region of the antral end of the 
stomach. The result obtained is outlined in Observation 3 of Pro- 
tocol IT. 

The effect of the introduction of acid and alkaline solutions into 
the duodenum is outlined in Protocol II. 


Protrocot I1].—Observation 1.—Male, aged 26. 

The patient complained of belching, occasional vomiting, pains in various 
regions of the abdomen associated with bowel movements, constipation, shoot- 
ing pains in the chest, back and legs, and insomnia. Diagnostic studies were 
all negative After an Ewald test breakfast free hydrochloric acid was 15 and 
total acidity was 25. The patient was observed for two months and no evi- 
dence of organic disease was elicited during this period. 

1:00 p. m.: Light lunch of toast, cereal and coffee. Duodenal tube 
swallowed. 

4:00 p. m.: Subject was given 500 c.c. of barium, malted milk, potato 
starch mixture. 

Fluoroscopic observations; subject in erect posture. 

4:05 p. m.: Metal tip of’duodenal tube in third portion of duodenum. It 
was pulled back into the first portion to a point just beyond the sphincter. 
Active peristalsis. Barium passed over in normal amount as each peristaltic 
wave approached the pyloric sphincter; 5 c.c. twentieth normal hydrochloric 
acid was quickly introduced through the tube as a gastric peristaltic wave 
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approached the sphincter and before the proper time for the sphincter to open. 
The sphincter opened and a normal amount of barium passed through into the 
duodenum. : 

Second observation twenty-four hours later. 

Subject was not given food or drink for fourteen hours prior to introduc- 
ing the duodenal tube. 

8:25 a. m.: Duodenal tube swallowed; 85 c.c. of fasting gastric contents 
aspirated containing free hydrochloric acid 20. 

11:25 a. m.: Meat and barium meal eaten. Metal tip of duodenal tube 
found in third portion of duodenum. Gastric peristalsis active. Barium passed 
over in normal amount as each peristaltic wave approached the sphincter. 
Five c.c. twentieth normal hydrochloric acid was introduced through the tube 
a short period before the proper time for the sphincter to open and when the 
duodenum was empty. Gastric peristalsis, the opening of the sphincter and 
the amount of barium which passed over were unaffected. 

11:30 a.m.: Six c.c. twentieth normal hydrochloric acid were again intro- 
duced into duodenum a short period before the proper time for the sphincter 
to open and when the duodenum was empty. The same result occurred as in 
the preceding observation. 

11:35 a. m.: The metal tip was pulled back into the first portion of the 
duodenum to a point just beyond the opening of the sphincter. Six c.c. twen- 
tieth normal hydrochloric acid were quickly introduced a short period prior 
to the time that the pyloric sphincter should open and when the duodenum 
was empty. The time of opening of the sphincter, the amount of barium pass- 
ing through it, and gastric peristalsis were unaffected. 

Observation 2.—Male, aged 28. 

The subject complained of more or less constant mild headache. Diagnostic 
studies were negative. Fasting gastric contents: amount, 30 c.c.; free hydro- 
chloric acid, 40; total acidity, 50. The patient had had a lumbar puncture 
several days prior to the observation. As a result he had a headache when 
in the erect posture, which disappeared completely on reclining. On the morn- 
ing of the observation patient was given neither food nor drink. 

9:00 a. m.: Duodenal tube swallowed. 

10:10 a. m.: Began eating the meat and barium meal, which was ground 
up with water into a very thick mush. 

10:17 a. m.: Finished eating the meat meal. 

Fluoroscopic observations; subject in erect posture. 

10:17 a. m.: Metal tip of duodenal tube in duodenum. Antral peristaltic 
waves very shallow. 

10:25 a. m.: Antral peristalsis very weak, but a small amount of barium 
passed into the duodenum as each antral peristaltic wave approached the 
sphincter. Metal tip pulled back into third portion of duodenum. 

10:40 a. m.: Subject nauseated, with moderately severe headache. Gastric 
peristaltic waves very shallow, and no barium passed through the sphincter. 
The metal tip was now found in the first portion of the duodenum just beyond 
the end of the sphincter. 

The subject was now placed in reclining position on horizontal fluoroscopic 
table. His nausea and headache disappeared and about 15 minutes later antral 
peristalsis was active, and barium passed into the duodenum in easily demon- 
strable amount as each antral peristaltic wave approached the pyloric sphincter. 

Fluoroscopic observations; subject in reclining position. 

Metal tip in first portion of duodenum. Ten c.c. fortieth normal hydro- 
chloric acid introduced beginning about five seconds before, and continued up 
to the time of opening of the sphincter. The sphincter opened normally, and 
also at the approach of the next two antral peristaltic waves. 

Fifteen c.c. fortieth normal hydrochloric acid were now introduced under 
the same conditions as before. Sphincter opened normally and also at the 
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approach of the next four antral peristaltic waves. This procedure was now 
repeated twice with 20 c.c. of twentieth normal hydrochloric acid and with 
same result as noted before. 

Twenty c.c. of 5 per cent. sodium carbonate solution were now introduced 
the latter part of the time the sphincter was open and up to the time of its 
complete closure. The sphincter closed normally and reopened normally. This 
procedure was repeated with 10 c.c. and then 15 c.c. of 5 per cent. sodium 
bicarbonate solution. The opening and closure of the sphincter were unaffected. 

The duodenal tube was now washed with 60 c.c. of water (in 20 c.c. por- 
tions). For a few minutes following this, antral. peristaltic waves became 
very shallow. 

11:45 a. m.: Antral peristalsis active. Barium passing through sphincter 
in considerable amount with each antral peristaltic wave. During the periods 
barium was passing through the sphincter into the duodenum on three suc- 
cessive times the contents of the first portion of the duodenum were aspirated. 
Eight c.c. were obtained. This material was liquid, containing a small amount 
of barium and of meat fibers. Its acidity was: free hydrochloric acid, none 
(Toépfer’s reagent); 5 c.c. neutralized 1 c.c. of tenth normal sodium hydrate. 
Hydrogen ion concentration = 5.60 (determined by potentiometer). 

Observation 3.—Male, aged 47. 

Subject had a mild type of chronic arthritis. At the time of the following 
observation the subject was in good health. 

7:00 a. m.: A light breakfast was eaten. 

1:00 p. m.: Duodenal tube swallowed, followed by a glass of water. 

5:35-5:40 p. m.: Subject given one half of meat and barium meal and 
450 c.c. of malted milk, potato starch and barium mixture. 

5:48 p. m.: Antral peristalsis weak and but small quantities of barium pass 
into the duodenum as each peristaltic wave approaches the sphincter. Metal 
tip of duodenal tube in third portion of duodenum. 

6:00 p. m.: Metal tip of duodenal tube pulled back into first portion of 
duodenum. This act resulted in almost complete cessation of gastric peri- 
stalsis for several minutes. After peristalsis again became active barium 
passed into the duodenum as each antral peristaltic wave approached the 
sphincter. On one occasion 5 c.c. and on three occasions 10 c.c. of fortieth 
normal hydrochloric acid and on one occasion 12 c.c. of twentieth normal 
hydrochloric acid (all warmed to 38 C.) were introduced into the first por- 
tion of the duodenum through the duodenal tube. Each portion of acid was 
introduced before and up to the time of opening of the sphincter in relation 
to the advance of an antral peristaltic wave. The introduction of the acid was 
not followed by a demonstrable effect on the opening of the pyloric sphincter, 
the amount of barium passing through it into the duodenum or on gastric 
peristalsis. 

7:00 p. m.: Metal tip of duodenal tube pulled back into stomach and lay 
at the pyloric orifice of the sphincter. Forty c.c. of 5 per cent. sodium bicar- 
bonate solution were introduced through the duodenal tube. The pyloric 
sphincter continued to open at the approach of antral peristaltic waves and 
barium was ejected into the duodenum in normal amount. Then the duodenal 
tube was washed by injecting 10 c.c. of water through it. Then 10 cc. of 
gastric contents were aspirated and a few minutes later 2 c.c. more were 
withdrawn. Both these specimens were faintly alkaline to phenolphthalein. 

Observation 4.—Male, aged 21. 

Six years ago temporary jaundice had occurred following an attack of 
malaria. Beginning two years ago and lasting until one year ago there had 
been attacks characterized by nausea, vomiting and diarrhea. These attacks 
occurred at intervals of from two to three months and persisted for from one 
to seven days. There had been no hematemesis, and no bloody, tarry or 
clay-colored stools. Six months ago jaundice again recurred. During this 
time there had been constipation. 
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Physical examination was negative, except for slight icterus of the sclerae. 
The laboratory examinations were negative. The urine contained no bile pig- 
ments. After an Ewald test breakfast the gastric contents showed free hydro- 
chloric acid 14 and total acidity 70. 

At the time of the present observation jaundice of the sclerae had disap 
peared and the patient was free from symptoms. 

On the morning of the observation the subject was given neither food nor 
drink. 

8:00 a. m.: Duodenal tube swallowed, followed by a glass of water. 

10: 15-10: 20 a. m.: Meat and barium meal eaten with 200 c.c. of water 
to drink. 

Fluoroscopic observations; subject in erect posture. 

10: 30-10: 40 a. m.: Metal tip of duodenal tube is in the third portion of 
the duodenum. 

Gastric peristalsis regular and active. Pylorospasm was present and no 
barium passed through into the duodenum. 

10: 47-11:00 a. m.: Peristalsis active. A very slight amount of barium 
passed through the sphincter as each peristaltic wave approached that orifice 
Subject placed on right side in the reclining position. 

11:02-11:20 a. m.: Subject in the reclining position. Fluoroscopic find- 
ings during this period remain the same as in the preceding observation. 

11:35 a. m.: Subject in the reclining position usual for fluoroscopic gastric 
examination. Metal tip of duodenal tube was at the junction of the second 
and third portions of the duodenum. Five c.c. of twentieth normal hydro- 
chloric acid were slowly introduced beginning at the time of the starting of 
a peristaltic wave in the antrum and continued until a second similar wave 
had reached the pylorus. Both waves pushed barium through the sphincter 
in normal amount. The metal tip of the duodenal tube was now pulled back 
until it lay in the first portion of the duodenum, just beyond the end of the 
pyloric sphincter. Following this procedure gastric peristalsis ceased, except 
for some very shallow, feeble waves, which sent but a very small amount of 
barium through the sphincter into the duodenum. 

After the lapse of a period of thirty minutes peristalsis again became active 
and barium in norma! amount passed through the pyloric sphincter into the 
duodenum. Then 20 c.c. of twentieth normal hydrochloric acid were intro- 
duced slowly and continuously from the beginning of one antral wave until 
the end of the third. All three waves, as they approached the sphincter, were 
followed by the passage of a normal amount of barium into the duodenum. 
The same procedure was immediately repeated with a second 20 c.c. amount 
of twentieth normal hydrochloric acid and with the same result as noted before. 
A few minutes later peristaltic waves became weak and feeble and sent but a 
very small amount of barium through the sphincter. 

After a period of about five minutes peristalsis again became active and 
barium passed through the sphincter in normal amount. The same procedure 
was repeated with 20 c.c. tenth normal hydrochloric acid and with the same 
results as before. After a few minutes peristaltic waves again became shallow 
and feeble and sent but small amounts of barium through the sphincter. 

After about five minutes peristalsis again became active and barium passed 
through the sphincter in normal amount as each peristaltic wave approached 
that orifice. The same procedure was repeated with 20 c.c. of 1 per cent. 
sodium bicarbonate solution. No effect was noted on gastric peristalsis, the 
time or manner of the opening or closure of the sphincter or on the amount 
of barium which passed through it into the duodenum. 

Observation 5.—Male, aged 35. 

The subject had suffered with acute articular rheumatism, from which he 
had promptly recovered. At the time of the observation he was in normal 


health. 
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The subject was given neither food nor drink on the morning of the 
observation. 

9:10 a. m.: Duodenal tube swallowed. 

Fasting contents—amount 100 c.c., free hydrochloric acid, 50; total acid- 
ity, 60. 

11:00 a. m.: Began eating one half of a meat and barium meal ground 
up with water into a thick mush. 

11:07 a. m.: Finished eating half of the meal. 

Fluoroscopic observations; subject in erect posture. 

11:07 a. m.: Metal tip at first was in the third portion of the duodenum, 
and then slowly receded to the first portion. The movement of the metal tip 
was accompanied by pylorospasm which continued for ten minutes after its 
movement ceased. Antral peristalsis then became active and barium passed from 
the stomach into the duodenum as each peristaltic wave approached the pyloric 
sphincter. 

Ten c.c. fortieth normal hydrochloric acid were introduced into the first 
portion of the duodenum before each opening of the sphincter in relation to 
the advance of two consecutive antral peristaltic waves (the acid was intro- 
duced before and up to the time of opening of the sphincter). No effect was 
observed on the opening or closure of the sphincter immediately following the 
introduction of the acid or its opening in relation to the advance of ‘the three 
succeeding waves. Following the latter antral peristaltic waves became shal- 
lower and less barium passed through the sphincter. After peristalsis again 
normal 12 c.c. fortieth normal hydrochloric acid introduced under the same 
conditions. No effect on the opening of the sphincter in relation to the next 
four waves was observed. The patient now coughed and the next two waves 
were very shallow; but the next waves were again normal. Then 20 c.c. fortieth 
normal hydrochloric acid were introduced, and no effect on the opening of the 
sphincter in relation to the next: six waves was observed. 

12:10 p. m.: Duodenal tube washed with 5 c.c. of water and then emptied 
with air. Chyme flowing into the first portion of the duodenum on two con- 
secutive openings of the sphincter was aspirated, about 8 c.c. were obtained. 
Subject was now given 300 c.c. of malted milk, starch and barium mixture. 
Then 20 c.c. of fortieth normal hydrochloric acid were introduced into the 
duodenum prior and up to the time of opening of the sphincter. No effect on 
the behavior of the sphincter was observed. Twelve c.c. of twentieth normal 
hydrochloric acid were now introduced as before, without effect on the open- 
ing of the sphincter. Ten c.c. 5 per cent. sodium bicarbonate solution were 
introduced into the first portion of the duodenum just before and during the 
opening of the sphincter and continued up until it closed completely. The 
sphincter closed normally. Twenty c.c. 5 per cent. sodium bicarbonate solu- 
tion were introduced during the period the sphincter was open and up until 
it had closed. The sphincter closed normally. 

In terms of normal acid the aspirated duodenal contents contained five 
hundredth normal free hydrochloric acid; the total amount of sodium hydrate 
neutralized was equivalent to an acidity of twenty-fifth normal, titrated to 
phenolphthalein. 

DISCUSSION 


In the observations outlined in the above protocol twenty-two 
observation were made on the effect of introducing acid solutions into 
the first, second or third portions of the duodenum. The time of the 
introduction of the acid in relation to the normal opening time of the 
pyloric sphincter varied. Acid was introduced: (1) a short period 
prior to the normal opening time of the pyloric sphincter in relation 
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to the advance of an antral peristaltic wave; or (2) at the time just 
mentioned and continued until after the sphincter had opened for a 
second or third successive time. 

In all the observations of the above protocol, the introduction of 
acid into the duodenum had no demonstrable effect on either the open- 
ing or the closure of the pyloric sphincter, on the amount of barium 
containing chyme ejected into the duodenum, or on gastric peristalsis. 
In Observations 4 and 5 the introduction of acid into the duodenum 
had no initial effect, but a late effect was noted. The latter consisted 
of partial cessation of gastric peristalsis. Moving the duodenal tube 
produced the same effect in these two observations and also in Obser- 
vation 3, while in Observation 5 it produced pylorospasm on one occa- 
sion. These phenomena were interpreted as the result of abdominal 
irritation of the mucosa of the sphincter and duodenum due to move- 
ments of the tube. On this basis the partial cessation of gastric peri- 
stalsis, in Observations 4 and 5, may be explained; movements of the 
tube may have been produced by gastric and duodenal peristalsis. In 
this connection possible irritation of the duodenal mucosa incident to the 
introduction of fluid, its temperature, or its acid character must be 
considered. Irritation incident to the presence of the tube in the 
sphincter and duodenum can explain the pylorospasm present on the 
first observation in Observation 4. In two duodenal observations, on 
two subjects not outlined in the above protocol, the introduction of 
20 c.c. amounts of twentieth normal hydrochloric acid into the first 
portion of the duodenum resulted in duodenal antiperistalsis associated 
with either prolonged pylorospasm or almost complete cessation of 
antral peristalsis. These phenomena were considered as the result of 
abnormal irritation of the duodenal mucosa resulting from the intro- 
duction of the acid. It will be remembered that mention has already 
been made of the development of pylorospasm and of partial cessation 
in gastric peristalsis after pouring twentieth normal hydrochloric acid 
onto the antral end of the pyloric sphincter. 

The introduction of 5 per cent. sodium bicarbonate solution into the 
first portion of the duodenum in Observations 2 and 5, and 1 per cent. 
solution in Observation 4, produced no effect on the opening or closure 
of the pyloric sphincter, on the amount of barium passing into the 
duodenum, or on gastric peristalsis. 


SUMMARY 


Observations illustrated in Protocol | demonstrate that finely 
divided foodstuffs, either of carbohydrate, protein or fat, do not differ 
in the initial time at which they begin to leave the stomach and pass 
into the duodenum. This initial leaving time was not affected by varia- 
tions in the consistency (viscosity) of the various foodstuffs. The food 
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was passing through the sphincter by the time the subjects could ingest 
the meals and be prepared for fluoroscopic observation; i. e., in from 
three to twelve minutes. 

The barium containing chyme passed through the pyloric sphincter 
as each and every peristaltic wave approached that orifice. It continued 
to pour through the sphincter for a period of about ten seconds and 
then closed completely. The opening of the pylorus at irregular inter- 
vals, as described by Cannon * in cats, was not observed. The regular 
opening of the sphincter in man was observed by Cole,’ but unfor- 
tunately his publication gives no experimental details. 

In the five duodenal observations outlined in Protocol II the intro- 
duction of acid into the duodenum did not prevent the opening of the 
sphincter, or produce its closure. The amount of free acid present in 
the first portion of the duodenum is slight; in two subjects it was 
present in the concentration of eighty-fifth normal and five hundreths 
normal, and in another (Observation 2) no free hydrochloric acid was 
present. The acidity as titrated to phenolphthalein is low ; expressed 
in terms of normal acidity, twenty-fifth normal, fiftieth normal and 
twentieth normal were found. These findings confirm those of 
McClendon and Myers.* The latter observers determined the hydrogen 
ion concentration of the duodenal contents. Their findings showed 
that a low degree of acidity was usually present. From this discussion 
it is obvious that the amount of acid introduced in these observations 
was always much in excess of the amounts of free hydrochloric acid 
present normally in the duodenum and its titration value varied from 
a lesser amount to an excess in relation to the total acidity, titratable 
to phenolphthalein, normally present. Furthermore, as shown in 
Observation 2 of Protocol II the titration value of the total acidity of 
the duodenal contents is no index to its hydrogen ion concentration. 
It may, therefore, be stated that the amount of acid introduced was 
always of a hydrogen ion concentration much in excess of that nor- 
mally present in the duodenum. These observations do not support 
the theory that acid in the duodenum is the principal factor causing 
contraction of the pyloric sphincter. 

In Observations 2 and 5 chyme was collected as it entered the first 
portion of the duodenum. The concentrations of hydrochloric acid in 
the chyme in the two observations were none and five hundredth nor- 
mal, and total acidities titrable to phenolphthalein were equivalent to 
fiftieth normal and twenty-fifth normal. In these observations sodium 


4. Cannon, W. B.: Movements of the Stomach Studied by Means of the 
Roentgen Rays, Am. J. Physiol. 1: 359, 1898. 

5. Cole, L. G.: Am. J. Physiol. 43:618, 1917. 

6. Myers, F. J., and McClendon, J. F.: Note on the Hydrogen Ion Concen- 
tration of the Human Duodenum, J. Biol. Chem. 41:187, 1920. 
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bicarbonate solution was poured into the duodenum after the pyloric 
sphincter had opened and up until the time of its complete closure. 
The amounts of sodium bicorbonate solution introduced were sufficient 
to neutralize, in the concentrations in which it was found to be present, 
a quantity of acid several times greater than the cubic contents of the 
first portion of the duodenum. For this reason, it is safe to assume 
that the contents of the duodenum were alkaline in reaction. Then, 
according to the “acid control” theory, the sphincter should have 
remained patent as long as the duodenal contents were alkaline. This 
it did not do, but was observed to close completely. Similar results 
were obtained in Observation 4. However, absolute evidence that the 
amount of carbonate solution introduced in the observation neutralized 
all the acid in the duodenum was not obtained, although but little doubt 
can reasonably exist but that neutralization was effected. In Observa- 
tion 3, in which the gastric contents in the region of the sphincter 
were alkaline, the contents of the duodenum are known positively to 
have been alkaline. Nevertheless, there was no demonstrable effect on 
the opening or closure of the pyloric sphincter. 

Since the sphincter opens in relation to the advance of each antral 
peristaltic wave the contents of the antrum are not undergoing a 
mixing process between the times of opening of the sphincter, as was 
described by Cannon‘ in cats. For this reason the degree of acidity 
of the antral contents must be constant during the interval in which 
the sphincter is closed. That the contents are acid is known. This 
statement is based on the following facts: 

1. The authors, among others, have found the food when first 
ejected from the stomach into the duodenum to be slightly acid. 

2. The contents aspirated from the stomach, after feeding various 
kinds of meats * and after the Riegal test meal * of meat and potatoes, 
are acid and contain free hydrochloric acid. 

3. Free hydrochloric acid is constantly present in the stomach after 
feeding the Ewald test breakfast of bread and water. 

From the above it follows that in order for the stimulation of acid 
in the stomach to open, and in the duodenum to close, the sphincter, 
there must be assumed the existence of a very delicate balance between 
the antral and duodenal reflexes in relation to the presence of acid, the 
duodenal reflex being much the more sensitive. 

McClendon and Myers ® and the authors have found the contents 
of the first portion of the human duodenum to be either neutral or of 


low acidity. After emptying itself of food just ejected from the 





7. Fishback, H. R.; Smith, C. A.; Bergheim, O.; Lichtenthaeler, R. A.; 
Rehfuss, M. E., and Hawk, P. B.: Gastric Response to Foods, Am. J. Physiol. 
49:174, 204, 222 and 254, 1919. 

8. Riegel, F.: Die Erkrankungen des Magens, Wien. 1:123, 1903. 
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stomach the duodenum will, therefore, be practically neutral in reaction, 
and in the presence of pancreatic juice possibly alkaline. Then, if acid 
in the stomach causes the sphincter to relax, the sphincter should 
become patent when the duodenum empties itself of food. That the 
sphincter does not relax is demonstrated by the difficulty experienced 
in pushing barium through the sphincter into the duodenum by palpa- 
tion of the abdominal wall. In fact, as has already been stated, it is 
probable that barium can be forced into the duodenum by this means 
only when the sphincter opens in relation to the advance of an antral 
peristaltic wave. From this it follows that, if the pyloric sphincter is 
under “acid control,” then the fact that it opens at regular intervals 
and normally only in a definite relation to the advance of an antral 
peristaltic wave makes it necessary to assume: (1) either that there 
is a finely adjusted acid regulatory mechanism in the antral region of 
the sphincter which produces the proper degree of acidity to relax the 
sphincter at a fairly exact time in relation to the approach of a peri- 
staltic wave toward the sphincter; or (2) that a comparable mechanism 
for properly neutralizing the contents of the duodenum must exist. 
If either or both such mechanisms exist they must be so adjusted as to 
permit of changes in the rhythm of the time of opening of the sphincter 
as occurred in one of our observations after pouring alkali onto the 
antral end of the pyloric sphincter. Furthermore, while the sphincter 
closes suddenly it remains open an appreciable length of time. Barium 
flows through the sphincter as an antral peristaltic wave approaches 
and continues to do so until the wave has spent itself. The sphincter, 
therefore, does not close as soon as acid enters the duodenum, and the 
presence of acid we have demonstrated. If acid in the duodenum 
causes closure of the sphincter then: (1) either the proper degree of 
acidity must be developed always at a time when an antral wave has 
spent itself; or (2) a secondary mechanism in some way regulating 
the reflex must be assumed. 

The existence of the various factors outlined are necessary to 
explain the theory of “acid control” of the sphincter and their existence 
has not been proved. The assumption of the existence of these factors 
renders the mechanism of the control of the sphincter-exceedingly com- 
plex. It is possible that some other less complicated mechanism may 
exist in man. The latter has been suggested, but not proved, by Luck- 
hardt, Phillips and Carlson.” These investigators found a relation 
existed between the muscular activity of the antrum and the opening 
of the sphincter. 


9. Luckhardt, A. B.; Phillips, H. T., and Carlson, A..J.: Contributions to 
the Physiology of the Stomach; The Control of the Pylorus, Am. J. Physiol. 
50:57, 1919. 
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CONCLUSIONS 

The conclusions which may be drawn from the observations here 
presented are as follows: 

1. Finely divided carbohydrate, protein or fatty foodstuffs begin 
to leave the normal human stomach within a comparatively few minutes 
after their initial ingestion. 

2. Under normal conditions the human pyloric sphincter opens 
regularly at the approach of each antral peristaltic wave, allows chyme 
to pass through into the duodenum during an appreciable length of 
time, and closes when the antral peristaltic wave has spent itself. 

3. The introduction of fortieth normal, twentieth normal or tenth 
normal hydrochloric acid solutions into the first, second or third por- 
tions of the normal human duodenum either produced no effect on the 
opening of the pyloric sphincter as observed by means of the fluoro- 
scope, or produced effects which were interpreted as the result of 
abnormal irritation of the duodenal mucosa. 

4. Neutralization of the contents of the first portion of the duo- 
denum did not prevent the closing of the pyloric sphincter. 

5. The results obtained indicate that acid is not the principal factor 
controlling the opening and closure of the pyloric sphincter in man. 
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THE HEART IN SCARLET FEVER * 


HAROLD A. ROSENBAUM, M.D. 


CHICAGO 


During 1913 to 1919, 1,770 scarlet fever patients were treated at 
Durand Hospital, and cardiac complications were observed in 106. 
This does not include instances of increased rapidity nor occasional 
slight irregularity. A relatively rapid heart was common and slight 
irregularity, especially during the third and fourth weeks, was fre- 
quently noted, but was associated with no other appreciable alteration 
in the cardiac function. 

Of the 106 patients recognized as exhibiting more definite cardiac 
complications, twelve had valvular defects antedating the scarlet fever. 
In the remaining ninety-four cases, a diagnosis of myocarditis was 
made in eighty-eight, of endocarditis in four and pericarditis in three. 
(One patient had both pericarditis and endocarditis. ) 

The cases of myocarditis have been classified as mild, moderately 
severe and severe. Mild cases were those with persistent feebleness, 
rapidity or irregularity of the pulse, but with little other disturbance. 
The moderately severe cases included those with a higher grade of 
myocardial disturbance, sometimes with definite signs of cardiac dila- 
tation. The severe cases were those in which the cardiac disturbances 
were so severe as to render the prognosis very doubtful. They were 
characterized by signs of cardiac dilatation, cyanosis and marked 
irregularity, feebleness and variations in the pulse rate. 

Fifty-three of the cases of myocarditis were classified as mild; 
four patients died of causes not related directly to the heart. Of the 
fatal cases, two patients had extensive bronchopneumonia, one patient 
had enteritis, and the other, a child, 2 years old,-had a constant tem- 
perature around 105 F. with acute nephritis and active delirium. 

Thirty cases of myocarditis were moderately severe. All of these 
patients recovered. Five of the cases of myocarditis were classified 
as severe. One of these patients, a woman, aged 25 years, died. From 
the beginning her temperature ranged from 103 to 104 F. The first 
four days of her illness there was a severe exudative process confined 
to her left tonsil in which there were no diphtheria bacilli. On the 
fourth day, her heart seemed dilated, although her pulse was regular 
and of good quality. On the fifth day, the patient looked and felt 





* From the Durand Hospital of the John McCormick Institute for Infectious 
Diseases. 
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better. On this day, at 11:40 a. m., the patient expelled a large amount 
of fluid given as an enema. Suddenly, at 11:45 a. m., she became 
cyanotic and pulseless, gasped a few times and died. 

Another severe case was that of a man, aged 21 years, with mod- 
erate bronchitis but otherwise running the ordinary course of scarlet 
fever. On the seventh day, about 1 p. m., he suddenly complained of 
pain in the cardiac region and great difficulty in breathing. He coughed 
several times and the pulse, which was irregular and faint, became 
unobtainable at the wrist. Cyanosis was very marked and the hands 
were clammy ; the face and forehead were covered with perspiration. 
The right border of the heart was two finger-breadths beyond the right 
of the sternum, and the left border one finger-breadth to the left of 
the nipple line, whereas on admission and previous to the attack the 
borders had been normal. The lungs anteriorly were negative. Because 
of his critical condition and because any turning caused severe coughing 
the patient was not turned on his side or face for the examination of 
the back. Forty hours later, however, posterior examination revealed 
no rubs and no consolidation. At 5:30 p. m., the right border of the 
heart was at the sternal line, but the left border was one finger- 
breadth to the left of the nipple line. Heart tones were faint and no 
murmurs or friction sounds were heard. Following the accident for 
the next twenty-four hours the temperature rose to 104 F., and the 
pulse varied between 140 and 164, gradually returning to normal in 
four days. The patient was discharged in good condition thirty days 
after the onset of his scarlet fever. Because of the sudden cardiac 
pain and severe embarrassment the absence of blood in the sputum and 
negative lung findings, the pathology seemed to be in the heart and 
the possibility of an embolism in a twig of one of the coronaries was 
considered. 

Myocarditis seems most common during the latter days of the 
acute stage of scarlet fever and in early convalescence, but may appear 
at any time during its course. Two examples of rather late myocar- 
ditis may be cited. 

REPORT OF CASES 

Case 1.—A physician, aged 28 years, had a severe laryngitis, marked angina, 
bronchitis and acute nephritis early in his illness. On the twenty-first day of 
illness, after his temperature had been normal eight days, he was allowed to 
walk about his room. The pulse, which had been between 62 and 80, now fell 
to 52 and 60, was irregular and often bigeminal; the heart borders were normal. 
There was a soft systolic blow at the apex not transmitted to the axilla. No 
abnormal pulsations were noted in the jugulars. Blood pressure, 112/60. 
Under rest in bed and digitalis the patient improved so that in three days the 
normal rate, around 72, was present and the irregularity was gone. He was 
discharged in good condition thirty-four days after the onset of his illness. 


Case 2.—A man, aged 22 years, on the twenty-eighth day developed a sore 
and red throat with temperature about 100 F. This temperature persisted for 
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two days, and on the thirtieth day the ankles were painful and swollen and two 
days later the knees. On the thirty-third day the lips and nails were noticeably 
cyanotic and the pulse distinctly bigeminal with a rate of 60. The left border 
of the heart was one inch beyond the midclavicular line in the fourth inter- 
space; the right border was substernal. No murmurs were heard and there 
were no subjective symptoms. The blood pressure was 85/30. With rest in bed 
and digitalis, gradual improvement took place, and the patient was discharged 
in good condition on the fifty-second day after the onset of his illness. : 


In the patients with myocarditis the ages ranged as follows: six 
were 2 years of age or less (19.4 cases per hundred of the same age), 
twenty-two were between 2 and 5 years (4.9 cases per hundred of the 
same age), thirty-eight were from 6 to 10 years (5.9 cases per hun- 
dred of the same age). Of the patients above 10 years of age, num- 
bering 627, twenty-two had myocarditis, or 3.5 per hundred. In only 
six was the patient entirely free from other complications. The asso- 
ciated complications were: cervical adenitis, fifty-seven cases, of which 
four were extreme; suppurative otitis media, unilateral, eight cases, 
bilateral, seven cases ; nephritis, twenty-five cases, four of which were 
severe and in two uremic symptoms were well marked; arthritis, ten 
cases ; diphtheria present with scarlet fever on admission, four cases ; 
bronchopneumonia, five cases; laryngitis, two cases; mastoiditis, two 
cases, both patients operated on; herpes labialis, two cases; ulcerative 
stomatatis, two cases; other complications were: infected finger, 
rhinitis, cervical abcess, furunculosis, pyorrhea alveolaris, gonorrheal 
vaginitis, rickets, epistaxis, severe neuralgia, lobar pneumonia, strepto- 
coccal septicemia and conjunctivitis. In four cases of diphtheria with 
scarlet fever it is likely that the diphtheria may have had much influence 
in determining the myocardial disturbance. 


Pericarditis —Pericarditis was detected only three times, or in 
0.17 per cent of the cases. One of the cases seems sufficiently inter- 
esting for brief review. 


Case 3.—A girl, aged 4% years, after being in the hospital thirty-two days 
and desquamating in a typical manner, had vomiting, fever, and a recurrent 
scarlet rash. Twelve days after this recurrence there was pain in the left 
shoulder and elbow, but no swelling. Two days after this arthritis there was 
severe pain in the precordium and ensiform region, a systolic blow was heard 
at the apex and the left heart boundary was in the anterior axillary line; the 
pulse was 130; no friction rub was detected. The right heart border was at the 
right sternal line. Blood culture was negative. Twenty-three days after the 
recurrence a harsh scratchy to and fro rub was heard over the cardiac area 
and two days later, following an attack of severe pain in the cardiac region and 
vomiting, death occurred. 

At the necropsy the entire pericardium, both parietal and visceral, was cov- 
ered by a fibrinous shaggy exudate, and about one ounce of serous fluid was 
present. The heart seemed large and the right side was dilated and the cavities 
full of soft blood clots. The walls of the left ventricle were thicker than 
normal, the endocardium smooth. 
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Case 4.—A boy, aged 16, admitted three days after the onset, presented the 
picture of a severe toxic scarlet with intense eruption, injected eyes and palms 
and severe angina. He had pain in the right knee and later multiple arthritis 
developed with tenderness over the epiphyses and swelling of the limbs adja- 
cent to the joints affected. Pericarditis appeared early, and later pneumonia. 
Repeated blood cultures gave large numbers of hemolyzing Staphylococcus 
aureus. 

Death occurred seventeen days after the onset. 


Case 5 is described under endocarditis, which was also present. 
Endocarditis —Four patients had endocarditis. 


Case 6.—A girl, aged 12, after the second week of scarlet, ran a tempera- 
ture betwen 992 and 102 F. and complained of sore throat. The tonsils were 
large and the pharynx red. There was no exudate, and culture yielded no 
diphtheria bacilli, but abundant hemolyzing streptococci were present. The 
day after the sore throat appeared, the cervical nodes were swollen and two 
days after this the patient felt faint, pallor was marked and the pulse was weak 
and irregular. This condition was present for several days. She preferred the 
sitting position and often complained of a feeling of oppression in the pre- 
cordium and occasionally in the upper abdomen. Several times these attacks 
were severe, requiring the administration of morphin. The temperature during 
this period ranged between normal and 102 F., the pulse beat varied between 
92 and 132. Examinations of the heart during this period showed the right 
boundary about one finger breadth to the right of the sternum, the left in the 
midclavicular line; no murmurs and no rubs were detected. Sixteen days after 
the onset of the sore throat the temperature was again normal and the patient 
rested well. A systolic murmur at the apex was now heard, with accentuated 
second pulmonic findings not present on admission. No increase in the normal 
heart borders was present. 

Forty-six days after the onset the patient was discharged in only fair con- 
dition. She had the findings of a mitral regurgitation and appeared thin and 
anemic. This case is probably a carditis and has been counted among the 
cases of pericarditis. Seen two and five weeks after her discharge, this patient 
was apparently little improved and the heart findings were the same. 

Case 8.—A girl, aged 7% years, was very septic from the onset. She had a 
constant high temperature and rapid pulse, double suppurative otitis media, 
extreme cervical adenitis and a recurrent rash. Death occurred thirty days 
from the beginning of her illness and at necropsy a fibrinous endocarditis of 
the mitral valve leaflets and aortitis were present. 

Cases 9 anv 10.—A boy, aged 13, and a girl, aged 16, had mild endocarditis 
and made good recoveries. 


Systolic murmurs were frequently present in this series of cases 
of scarlet fever, but they were considered functional or relative, dis- 
appearing with convalescence. 

Old valvular lesions—In this series there were twelve patients 
who had old valvular heart disease. All recovered but one, although 
two had high grade acute nephritis, one of them with extensive edema 
and marked uremic symptoms. The one who died was a boy, aged 
51% years, with club fingers and cardiac findings of mitral insufficiency. 
He had a very severe scarlet fever with ner and rapid pulse 
constantly at 106 or above. 
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DISCUSSION 





Poynton * suggested that the scarlet fever virus may have a direct 
effect in producing the tachycardia, and Broadbent? thought that the 
nervous mechanism of the heart may be disturbed through the inhibi- 
tion of the vagus because signs of myocarditis are so frequently absent. 
Changes in the heart muscle, however, are frequent in scarlet fever. 
Pearse * observed fatty degeneration of the heart muscle in about five 
out of nine children examined, and he frequently noted myocardial 
fragmentation. Weill and Mouriquand* have recorded a fatal case 
on the 14th day in which there was severe myocarditis confirmed at 
the postmortem examination. Gouget and Dechaux* described cases 
of sudden death in scarlet fever without any lesion of the myocardium. 
Stegemann’s * examination of 49 cases seems particularly worthy of 
note. He concluded that “in severe toxic cases of scarlet fever of 
short duration, the parenchymatous changes in the heart muscle are 
slight. In the infectious form of long duration, in addition to the 
parenchymatous degeneration there are fatty degenerations and necro- 
sis. Interstitial round cell infiltration of the heart was lacking in 
the short severe toxic cases, but was always present in the long infec- 
tious cases. In the stroma of the heart ganglia, round cell infiltration 
can be demonstrated in the first days of the disease; its intensity is 
dependent on the severity and duration of the disease. Fatty degenera- 
tion and necrosis of the nerve cell were observed on the first day of the 
disease. The number and size of the Nissl bodies were markedly 
decreased in the severe toxic cases, in contrast with the infectious cases. 
These facts seem to show that in the severe toxic cases of scarlet fever 
of short duration, the cause of the heart weakness lies in pathologic 
changes in the heart ganglia.” Most of our cases of myocarditis 
occurred after the acute stage of scarlet fever. 

Pospischill and Weisz* have considered pericarditis as the char- 
acteristic heart lesion of scarlet fever. While it is entirely possible 
that even with careful study we may have overlooked occasional cases 
of pericarditis, our experience leads us to believe that in the type of 
scarlet fever met with here in the past six years, pericarditis is not 
very frequent. Poynton * has shown that pericarditis and endocarditis 
often occur in rheumatic children or in children with a family history 


1. Garrod, Batten and Thursfield, “Diseases of Children,” London, 1913, 
p. 461-462. 

2. Practitioner 82:13, 1909. 

3. Med. & Surg. Rep. Boston City Hosp., 1899, p. 39. 

4. Weill and Mauriquand: Presse méd. 19:17, 1911. 

5. Gouget and Dechaux: Quoted by Poynton: Garrod, Batten and Thurs- 
field, “Diseases of Children,” London, 1913, p. 462. 

6. Jahrb. f. Kinderh. 30:491, 1914. 

7. Pospischill and Weisz: Ueber Scharlach, Berlin, 1911. 
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of rheumatism, and he says that chorea, repeated arthritis, pains and 
nodules occur over a period of years following scarlet fever. He has 
shown that the infecting organism has not been the same in all cases 
of pericarditis and endocarditis and he inclines to the view that these 
lesions are the result of secondary infection, the probable channel 
usually being the throat. 

Endocarditis was not so frequent in our cases as in some other 
series. Klose,® in a series of 856 cases found endocarditis twelve 
times. However, it may be that our cases were of much milder type 
than those of some of the series quoted in the literature as, for 
example, the mortality in Klose’s series was 12.1 per cent., while our 
mortality averaged slightly below 4 per cent. Klose says farther 
that at necropsy three cases were found which had not been recognized 
clinically, and he remarks that this is in accordance with Henoch, who 
states that the condition is often found anatomically when unrecognized 
clinically. Bohn*® observed that “endocarditis develops commonly 
while fever and exanthem are coming out.” Nobecourt *® during the 
war found that it occurred in seven of 278 French soldiers. While 
Poynton ** does not say how frequently endocarditis occurred, his 
twenty-five cases are selected from the records of fifty years of the 
Hospital for Sick Children in Great Ormond Street from which one 
would infer that they were not frequent. Pearse* mentions endo- 
carditis once in his anatomic diagnosis in his series of twenty-three 
necropsies. McCollum * observed cardiac murmurs and irregularities 
of rhythm in from 18 to 50 per cent. in three series of 1,000 
cases each. 

SUMMARY 


1. Of 1,770 cases of scarlet fever there were 106 patients with 
recognized cardiac complications. Ninety-four of, these developed 
during the course of the disease, twelve were instances of old heart 
disease. 

2. Eighty-eight of the 106 patients, or 5 per cent. of all the cases, 
had myocardial complications. Fifty-three of these were mild, thirty- 
one moderately severe, and five were very severe. Myocarditis may 
occur at any time in the course of the illness but is commonest in the 
latter days of the acute stage or in early convalescence. Other com- 
plications seem to increase the incidence of myocarditis. Myocarditis 
was observed more frequently in the early years of life. 

8. Klose: Ueber den Scharlach der Kinder, Strassburg, 1903. 

9. Gerhard’s Handb. d. Kinderk. 11:272, 1877. 

10. Nobecourt: L’endocardite scarlatinal, Presse méd. 26 :429, 1918. 

1t. A Contribution to the Study of Rheumatism, with Notes on Twenty-five 


Scarlatinal Rheumatisms, Quart. J. Med. 3:15, 1909. 
12. McCollum: Modern Med. 2:334, 1907. 
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3. Pericarditis was present in three cases, 17 per cent. Two of 
the patients died. 

4. Endocarditis was present in four cases, 0.22 per cent. Systolic 
murmurs of the apex were frequently present but were usually re- 
garded as functional or relative. The low percentage of endocarditis 
as compared with the percentage of several other series may be due 
to the milder type of scarlet fever in which the case mortality was 
less than 4 per cent. 

5. Unless very.severe, old heart disease does not necessarily indi- 
cate a serious prognosis in scarlet fever. 


HEMOLYSINS FROM PARASITIC WORMS 
PRELIMINARY PAPER * 


BENJAMIN SCHWARTZ, Px.D. 


WASHINGTON, D. C. 


It is a well known fact that anemia is frequently present in cases 
of intestinal helminthiasis. Numerous cases of severe anemia, clin- 
ically indistinguishable from pernicious anerria, have been reported by 
clinicians and ascribed to the presence of various intestinal parasites, 
the removal of the parasites by anthelmintic medication resulting in 
an amelioration of the symptoms and eventually in complete recovery. 
That the broad tapeworm (Diphyllobothrium latum) and hookworms 
(Necator americanus and Ancylostoma duodenale) may cause an 
anemia has been recognized for a long time. That other intestinal 
parasites, notably the large intestinal roundworm (Ascaris lumbri- 
coides) and the whipworm (Trichuris trichiura), may likewise be 
destructive to the erythrocytes of the host has not been generally 
recognized although certain parasitologists have from time to time 
called attention to this point. 

While the loss of blood in cases of infestation with nematodes may 
be accounted for in part as a result of the direct abstraction of blood by 
the parasites, such explanation is wholly inapplicable to cestodes, since 
the latter have no mouth and are therefore incapable of extracting 
blood. Yet the severest cases of anemia due to parasitic worms have 
been encountered in infestations with tapeworms, namely, Diphyllo- 
bothrium latum. The view that the cause of Diphyllobothrium anemia 
is a toxic secretion of the worms has been advanced by a number of 
investigators on purely a priori grounds, but direct experimental evi- 
dence sustaining that view has been furnished by Schaumann and 
Tallqvist.. These investigators obtained from macerated Diphyllo- 
bothrium material a hemolysin active in vitro as well as in vivo, which 
they regarded as the etiological agent of broad tapeworm anemia. The 
investigations of these writers mark the beginning of the experimental 
study of hemolysins from parasitic worms and have served as a stimu- 
lus to similar investigations concerning other more or less common 
intestinal parasites. 


*From the laboratory of the Zoological Division of the Bureau of Animal? 
Industry, United States Department of Agriculture. 

1. Schaumann, O., and Tallqvist, T. W.: Ueber die blutkérperchenauf- 
lésenden Ejigenschaften des breiten Bandwurms, Deutsch. med. Wehnschr. 
24:312 (May 19) 1898. 
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For some time past I have been engaged in investigations on 
hemolysins from parasitic worms. A preliminary account of the work 
with Ascaris has been published elsewhere (Schwartz?). Since the 
publication of this paper a number of other parasites have been inves- 
tigated and found to contain substances that are hemolytic to blood in 
vitro. The parasites that have been studied by me are species of 
Ascaris, of Ancylostoma, a hookworm belonging to the genus Busto- 
mum, species of Trichuris, species of two genera of anoplocephaline 
cestodes, and several other forms.. The results obtained may be sum- 
marized briefly as follows: 

1. Hemolysins from parasitic Worms are closely bound to the tissues 
of the parasites and may be liberated by thoroughly grinding the 
worm material and extracting it in physiological salt solution. 

2. The hemolysins are soluble in alcohol. Ether soluble fractions 
are hemolytic to red blood cells, but the fraction from which the ether 
soluble substances have been removed contains the major portion of 
the hemolysin. 

3. The hemolysins are inactive at low temperatures (8 C.), are 
inactive in the presence of normal serum, are destroyed by heating for 
thirty minutes at temperatures ranging between 62 and 65 C., excepting 
the hemolysin from Ascaris, which is resistant to higher temperatures. 

4. The hemolysins are not specific to the blood of their hosts, but 
destroy erythrocytes of other species of animals also. 

So far as the chemical nature of hemolysins from parasitic worms 
is concerned, Faust and Tallqvist* came to the conclusion that the 
active principle of Diphyllobothrium hemolysin is oleic acid. Faust * 
has given the “oleic acid theory” considerable prominence by producing 
a marked anemia in dogs as a result of feeding them oleic acid. Flury 
and Schmincke ° likewise record the production of anemia in dogs as 
a result of prolonged feeding with oleic acid. These investigators 
record an increased resistance of erythrocytes from oleic-acid-fed dogs 
to oleic acid which they ascribe to a predominance of cholesterin esters 
in the red blood corpuscles. Less critical investigators have applied the 


2. Schwartz, B.: A blood destroying substance in Ascaris lumbricoides, 
J. Agric. Research, Dept. Agric., Wash. 16:253 (March 3) 1919. 

3. Faust, E. S., and Tallqvist, T. W.: Ueber die Ursachen der Bothrio- 
cephalusanamie. Ein Beitrag zur Pathogenese der pernizidsen Anamie auf 
physiologischchemischer Grundlage, Arch. f. exper. Path. u. Pharmakol. 57: 367 
(Nov. 21) 1907. 

4. Faust, E. S.: Ueber experimentelle Anamien, Berl. klin. Wehnschr. 
45:2121 (Nov. 23) 1908. 

5. Flury, F., and Schmincke, A.: Ueber das Verhalten der Erythrocyten 
bei chronischer Oelsauervergiftung, Arch. f. exper. Path. u. Pharmakol. 64: 126, 
1911. 
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oleic acid theory to hemolysins from parasitic worms other than the 
broad tapeworm in a number of cases solely on the ground that ether 
extracts of parasitic worms are hemolytic. Flury,* whose studies on 
Ascaris constitute the most complete investigation on the chemical 
composition and toxicologic effect of a parasitic worm, was apparently 
influenced to a great extent by the work of Faust and Tallqvist, since 
he ascribes to the unsaturated. fatty acids of Ascaris, and particularly 
to oleic acid, the most important role in the blood destroying property 
of extracts of this parasite. Bondouy,’ on the other hand, attaches 
comparatively little significance to oleic acid as a cause of anemia in 
cases of infestation with Strongylus, and finds that alcohol soluble 
fractions of Strongylus material that had been previously freed from 
ether soluble substances are hemolytic. He states that he isolated from 
the alcoholic extract of Strongylus an alkaloid with very marked 
hemolytic properties, which he regards as the most important hemolytic 
principle of the worm. 

The results obtained by me show very definitely that fractions of 
worms freed from ether soluble substances are markedly hemolytic 
This indicates quite clearly that agents other than oleic and other fatty 
acids must be involved. The results obtained appear to be in harmony 
with the results of other recent investigations concerning the possible 
role of oleic acid in anemia. Thus, Csonka * attaches no special signifi- 
cance to fatty acids as agents of blood destruction, since he found that 
unsaturated fatty acids constitute 48 per cent. of the fatty acid content 
of normal blood. “As such acids exist in normal biood as well as in 
pathological conditions without anemia it is necessary to look further 
for the primary causes of toxic hemolysis.” Beumer,’ on the basis 
of experiments in feeding oleic acid to dogs, challenges the theory of 
oleic acid anemia and denies not only the alleged rdle of oleic acid in 
anemia but also denies the view that cholesterin esters occur in the 
blood of dogs fed on oleic acid. 

Certain investigators do not attach much significance to the pres- 
ence of hemolysins in parasitic worms and are not inclined to ascribe 
any etiologic importance to these substances so far as the secondary 


. . . . a ie So, 
anemia of helminthiasis is concerned. The reason that is usually 


advanced in support of this negative attitude is that the mere presence 


6. Flury, F.: Zur Chemie und Toxikologie der Ascariden, Arch. f. exper. 
Path. u. Pharmakol. 67:275 (March 26) 1912. 

7. Bondouy, T.: Etude chimique du Sclerostomum equwinum, Arch. de 
parasitol. 14:5 (July 30) 1910. 

8. Csonka, F. A.: The fatty acids in human blood and pathological condi- 
tions, J. Biol. Chem. 33:401 (March) 1918. 

9. Beumer, H.: Zur pathogenetischen Bedeutung der Olsaure bei Anamien, 
Biochem. Ztschr. 95:239 (July 5) 1919. 
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of hemolysins in arr organism does not afford sufficient proof that the 
hemolysins in question are capable of causing anemia. In support of 
this contention it is pointed out that hemolysins may be isolated from 
normal tissues of animals that show no evidence of anemia. Thus, 
Weinberg,”® who is an ardent defender of the view that the anemia that 
is present in cases of infestation with hookworms is due to a hemolysin 
secreted by the parasites and presumably absorbed by the host, is 
not inclined to accept the view that the hemolysin from the broad 
tapeworm is of etiologic significance, and, in fact, classes it with 
hemolysins that have been isolated from normal tissues, the so-called 
“tissue lysins.” 

I have investigated some of the properties of hemolysins from 
parasitic worms with the view of determining whether or not they 
resemble tissue lysins. The latter have been characterized by Noguchi ™ 
as thermostabile, nonspecific, active at 0 C., and markedly susceptible 
to normal serum in the presence of which they lose their potency. 
Chemically, Noguchi considers tissue lysins to be soluble soaps. The 
hemolysins studied by me differ from tissue lysins in that their activity 
is diminished by low temperatures and completely inhibited by a tem- 
perature of 8 C. Furthermore, with the exception of the hemolysin 
from Ascaris, which is resistant to higher temperatures, the hemolysins 
studied by me are destroyed by heating for thirty minutes at a tempera- 
ture ranging from 62 to 65 C. On the other hand, so far as nonspe- 
cificity and susceptibility to normal serum are concerned, the two 
groups of hemolysins have not been differentiated. 

Inasmuch as my investigations appear to indicate that hemolysins . 
from parasitic worms are closely bound to cells of the parasites and 
may be liberated after thorough grinding of the worm material, it 
would seem that these substances partake of the nature of endotoxins. 
Whether hemolysins from parasitic worms are actually liberated from 
the bodies of the parasites during the life of the latter or whether they 
are liberated only when the worms sicken and degenerate, as appears 
to be the case with the broad tapeworm, cannot be answered with cer- 
tainty on the basis of our present knowledge. That the hemolysins in 
question are of etiologic significance in certain parasitic diseases 
appears probable, however, in view of the clinical findings in such dis- 
eases, namely, reduction in number of erythrocytes, reduction in hemo- 
globin content of the blood, pale mucous membranes, etc. It is also 


10. Weinberg, M.: Toxines vermineuses, Bull. de I’Inst. Pasteur 10:969 
(Nov. 30); 1017 (Dec. 15); 1065 (Dec. 30) 1912. 

11. Noguchi, H.: Ueber gewisse chemische Komplementsubstanzen, Biochem. 
Ztschr. 6:327 (Sept.-Nov.) 1907. 
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of interest to note that Weinberg,’* in histologic examinations of organs 
of animals infested with hemolysin producing nematodes, has found 
evidence that blood destruction occurs in vivo. 

The view that parasitic worms secrete toxic substances that are 
absorbed by the host not only affords a better explanation of the toxic 
symptoms of helminthiasis than the theory of “reflex action,” but also 
affords an explanation of certain aspects of the pathology of helmin- 
thiasis, which are inexplicable on the basis of any other view that has 
thus far been advanced. 


12. Weinberg, M.: Passage dans l’organisme des substances toxiques 
sécrétées par les helminthes (sclerostome, oesophagostome, ankylostome), 
Compt. rend. Soc. de biol., Par. 64:25 (Jan. 17) 1908. 
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A METHOD FOR THE QUANTITATIVE DETERMINA- 
TION OF PROTEIN IN CEREBROSPINAL FLUID * 


W. DENIS, Pxa.D. ann JAMES B. AYER, M.D. 


BOSTON 


Unquestionably one of the most important tests in the examina- 
tion of the spinal fluid is that for protein. While normally present 
in small amounts, excess is probably always pathologic. To be sure, 
a diagnosis seldom rests on protein determination alone, but, taken 
together with other tests, a knowledge of the total protein content of 
the cerebrospinal fluid is of great value in differential diagnosis. 

It has been the experience of one of us that the tests for protein 
are often performed inaccurately, and wrongly or insufficiently inter- 
preted. The chief reason for this is that the tests ordinarily used, 
such as trichloracetic acid, phenol, nitric acid, butyric acid, etc., give 
a precipitate in normal fluids, and that considerable experience is 
required to recognize normal from abnormal quantities of precipitated 
protein. More difficult, even for those well trained in such examina- 
tions, is the recording of those tests for intelligent comparison of 
fluids from different patients or of fluids from the same patient on 
subsequent days. Comparison of the results of different observers 
on the same fluid is notoriously unsatisfactory. Hence, in the litera- 
ture the symbols +, ++, +++, and the terms “weak,” “strong,” 
and “very strong” constitute the usual estimate of such a test. It 
is to reduce protein determinations to a figure’ having numerical 
significance that the method now in use at the Massachusetts General 
Hospital is advanced. 

Three types of quantitative protein tests have been employed: (1) 
Those dependent on precipitation of a known amount of fluid, and 
read in a calibrated tube, on standing or after centrifugalizing; in 
general, ‘ne Esbach method. This type of method is readily adapted 
to meningitic fluids, but not to fluids containing small amounts of 
proteia. (2) Those made by precipitation of the proteins and the 
subsequent determination of nitrogen in the precipitate by means of 
the Kjeldahl method. (3) Those made by subtracting the nonprotein 
nitrogen from the total nitrogen (determined by the Kjeldahl proce- 
dare). The second and third methods are time consuming, require 
a relatively large amount of fluid and are, therefore, unsuited for 
clinical use. (4) Methods dependent on precipitation of protein by 
means of some reagent either with or without the aid of heat, and 








*From the Chemical Laboratory and the Department of Neurology, Massa- 
chusetts General Hospital. 
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the subsequent comparison of the precipitate with one or more stan- 
dards of known protein content, or against a substitution standard 
corresponding to a known protein concentration. Methods based on 
this principle have been described by Mestrezat,’ who uses standards 
prepared from albuminous urine, and by Ravaut,? whose standards are 
prepared from colloidal silver chlorid. The fourth type of procedure 
is excellently suited for work with spinal fluid as it is rapid, requires 
a minimum amount of material, and when properly used gives results 
of even greater degree of accuracy than is required for most clinical 
work. 

Our search for a suitable method for protein determination in 
spinal fluids was commenced about two years ago. During this period 
we have experimented with various procedures involving the measure- 
ment of the colloidal protein suspension. The results of this work 
have led us to look with disfavor on the so-called substitute type 
of standard and to adopt the use of standardized protein solutions. 
We have also not been favorably impressed with the principle, so 
often used in so-called “quantitative” protein methods, of comparing 
the precipitate produced in a spinal fluid by means of some protein 
precipitant with a row of test tubes containing the precipitates formed 
in solutions of various known concentrations of protein. Procedures 
of this nature are commonly used in the comparison of colors, and in 
this case frequently give results within about 5 per cent. of the theory. 
With colloidal suspensions, however, the ability to differentiate be- 
tween different concentrations is not so great as in the case of colored 
solutions, so that the suspensions given by spinal fluids having concen- 
trations of protein varying by as much as 30 per cent. frequently 
present a practically identical appearance. 

During the past decade the nephelometer has come into general 
use among biological chemists for the measurement of colloidal sus- 
pensions. We have not, however, employed this instrument in our 
work on spinal fluids on account of the relatively large volume of 
material required to fill the tubes, and because it can only be used to 
advantage in a dark or semi-dark room, a piece of equipment which 
is frequently not available in fairly well equipped clinical laboratories. 


METHOD 


The quantitative method finally selected, which in our hands has 
given excellent results, consists essentially in the measurement, by 
means of a suitable colorimeter, of the turbidity produced by adding 


1. Mestrezat, W.: Le Liquide Cephalo-Rachidien. Paris, 1912. 
2. Ravaut, P. et Boyer, L.: Nouveau Procédé de Dosage Rapide de 1!'Al- 
bumine dans le Liquide Cephalo-Rachidien. Presse Méd., 28:42, 1920. 
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a solution of sulphosalicylic acid to the fluid. Sulphosalicylic acid, 
as a reagent for the quantitative determination of proteins, has been 
employed by Kober * for the nephelometric determination of protein 
in milk, in digestion mixtures, and in spinal fluids, and by Folin and 
Denis * for the turbidimetric determination of albumin in urine. No 
particular originality is therefore claimed for our procedure, our 
only contribution to this part of the subject being the experimental 
work necessary to determine the best conditions for the use of this 
reagent with spinal fluid, as in this work it was desirable not only to 
obtain a correct analytical technic but also to secure our result with 
the minimum amount of material. 

The detailed description of the method is as follows: Into a test 
tube of about 4 c.c. capacity, 0.6 c.c. of spinal fluid is measured. 
To this is added 0.4 c.c. of distilled water and | c.c. of a 5 per cent. 
solution of sulphosalicylic acid. The contents of the tube is then 
mixed by inversion (but not by violent shaking) and after being 
allowed to stand for five minutes the suspension is read by means 
of a suitable colorimeter against a standard protein suspension pre- 
pared at the same time as the unknown. This standard is made by 
adding to a test tube 3 c.c. of a solution containing 0.3 mg. of protein 
per c.c. and 3 c.c. of 5 per cent. sulphosalicylic acid solution. Our 
standard protein solutions have been prepared from fresh normal 
human blood serum by the following method: Twenty c.c. of serum 
is mixed with about 200 c.c. of 15 per cent. sodium chlorid solution, 
and the resultant mixture is filtered. The nitrogen of the mixture is 
then determined by the Kjeldahl method, and from this strong stan- 
dard, which if preserved with chloroform in a tightly stoppered bottle, 
will keep for three months in the refrigerator, there is prepared by 
suitable dilution with distilled water, two dilute standards containing 
respectively 0.2 and 0.3 mg. of protein per cubic centimeter. These 
dilute standards, even when preserved. with chloroform and kept in 
a refrigerator, are usually not reliable for a longer period than two 
weeks. We have found the 0.3 mg. standard to be suitable for a 
large majority of the fluids examined; occasionally, however, this 
standard is too concentrated when a fluid unusually poor in protein 
is encountered, and for such the standard containing 0.2 mg: protein 
per cubic centimeter may be employed. 

In the directions given above we have stated that 0.6 c.c. of fluid 
should be used for this determination. While this is the amount found 
most convenient for use with the great majority of normal or approxi- 


3. Kober, P. A.: J. Biol. Chem. 13:485, 1913; J. A. M. Chem. Soc., 25:290, 


1913. 
4 Folin, O., and Denis, W.: J. Biol. Chem., 18:273, 1914. 
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mately normal fluids, it will frequently be found too great in fluids 
with an increased protein content. With such material it is frequently 
necessary to use 0.3, 0.2 or even 0.1 c.c. of fluid, and_to add 0.7, 
0.8, or. 0.9 c.c. of water (in order to bring the volume of the diluted 
fluid to 1.0 c.c.). In fact, in fluids of extremely high protein content, 
such as may be encountered in cases of spinal cord compression, 
meningitis, etc., it is sometimes necessary to make a preliminary dilu- 
tion with water as even 0.1 c.c. of such fluids may contain too much 
protein to read against the standard. 


Spinal fluid precipitated according to this method and ready to examine. 
The photograph was taken approximately one hour after precipitation and 
shows all but one (1L) in suitable colloidal suspension. (Note: The appear- 
ance of a precipitate is an optical error, due to reproduction, except in the 


tube marked 1 L). 

S = standard; 4, 8 and 7= normal amounts of protein. 3, 5, 6, 9 = active 
tabes; 1 L = acute meningitis. (This suspension is unsatisfactory for examina- 
tion. Another more dilute should be prepared). 


The colorimeter best suited to this work is the small model Duboscq 
with 30 mm. scale. As the cups of this instrument have a capacity of 
only 2 c.c., it is excellently suited for work in which only a small 
amount of fluid is available. It is also possible to use the Duboscq 
model with 60 mm. scale by providing an extra pair of cups with 
heavy glass walls, a device which greatly reduces the quantity of 
liquid needed to obtain a reading with this instrument. Whatever 
the type of colorimeter chosen, it is absolutely essential that before 
any attempt is made to read an unknown, the standard solution should 
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be placed in both cups and several readings made. When the operator 
has satisfied himself that he can read the standard against itself he 
should then, make readings of the unknown, taking care, however, 
that the position of the mirror of the colorimeter is not changed. It 
has been our experience that the most accurate results are secured 
when the mirror is adjusted to give the maximum illumination. Our 
readings have been made by means of a 100 watt tungsten lamp pro- 
vided with a screen of ground glass. 

Good results can be obtained when standard and unknown are 
of widely varying concentration, in fact when working with standard 
solutions we have found it possible to obtain good results with sus- 
pensions having variations as great as 75 per cent.; in practice, how- 
ever, it seems safer to discard results in which the difference between 
the standard and the unknown is more than 30 per cent. The cal- 
culation of the results is simple. If the 0.3 mg. standard is used, 
multiply by 0.3 the quotient obtained by dividing the reading of the 
standard by the reading of the unknown, divide the product by the 
amount of fluid taken and multiply this quotient by 100. This cal- 
culation gives the result expressed in milligrams of protein per hun- 
dred c.c. of fluid. 

The results obtained by the above procedure have been checked 
by the following method: Large composite samples of spinal fluid 
were obtained by mixing the results of lumbar puncture on a number 
of patients. In these composite samples we determined total nitrogen 
by the Kjeldahl method, total nonprotein nitrogen by the method of 
Folin and Wu® and total protein by the procedure described in this 
paper. The figure obtained by subtracting nonprotein nitrogen from 
total nitrogen gives a value which is considered to represent the 
nitrogen combined as protein. , As will be seen from an examination 
of Table 1 the figures obtained by this method closely approximate 
those obtained by means of our turbidimetric readings. 


Tasie 1.—Resvutts or EXAMINATION BY KJELDAHL AND AuTHorRS’ Metuops 








Mmg. Protein per 100 c.c. Fluid 


Total Protein by Total Protein by 
Fluid No. Our Method Our Method 
1 119.0 1176 
2 112. 111. 
4 234. 235. 





Three factors influencing the accuracy of the test or rendering it 
worthless must be mentioned: (1) A fluid contaminated with blood 
enough to be visible to the eye will in normal fluids give such high 


5. Folin, O. and Wu, H.: J. Biol. Chem., 38:81, 1919. 
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protein readings as to be definitely abnormal. (2) Fluids with bacte- 
rial contamination will give unreliable results: (3) Fluids standing 
for long periods uncorked or with cotton plugs, even though clear, 
will give increasing amounts of protein from day to day. If kept 
corked and sterile, accurate determinations were obtained at intervals 
over a number of weeks. 


CLINICAL OBSERVATIONS 


The method of quantitative protein determination as outlined above 
has now been in use for six months, during which time we have had 
occasion to employ it in the examination of several hundred fluids. 
Owing to the uncertainty of exact diagnosis in many of the patients 
from whom fluids were taken, it seems unwise to be dogmatic regarding 
the protein level in different pathologic states, and Table 2 gives a 
general summary of the values obtained in cases in which we are 
most certain of the diagnosis, figures which we believe will be sub- 
stantiated by further work. 


Taste 2.—Prorein Lever 1N NorMAL AND PATHOLOGIC CEREBROSPINAL FLUIDS 











Si ee Pei ed a a chew ames ev RPh 35- 100 mg. per 100 c.c. 
Ventricular Fluids (brain tumor cases)........... under 100 mg. per 100 c.c. 
Syphilis of the nervous system, inactive............ 50- 125 mg. per 100 c.c. 
Active tabes and moderately active syphilis of the 

EE “nce tunes cectbencoase as -.eee. 100- 200 mg. per 100 c.c. 
Acute syphilis of the nervous system and general 

SE SL Lae bias + kan eh enh meats s4keies os 200- 600 mg. per 100 c.c. 
SE re er ae 100- 200 mg. per 100 c.c. 
Recent cerebral vascular disturbances (hemiplegias, 

eo cas sauankabewe da 100- 300 mg. per 100 c.c. 
FC CET ETE CEE 200-1000 mg. per 100 c.c. 
ON Se a ee oe 400-1300 mg. per 100 c.c. 
Fluid below spinal cord compression: 

Pe GE 8S SiianiehgxnccGAdedae nde doecsu 300-1700 mg. per 100 c.c. 

“Fromm eyedrome” (eRe Case)... .....ccceccses 2010 mg. per 100 cc. 





Several cases of cord compression (tumors, etc.) have been in- 
vestigated by combined lumbar and cisterna magna punctures in order 
to investigate the fluid above and below the level of compression. One 
such case, whére compression was due to a cholesteatomatous cyst, 
is given as illustration of the marked difference in protein content. 
The cistern fluid gave 83 mg. per hundred c.c., the lumbar fluid 1,112 
mg. 

SUMMARY 

A method is given for determination of total protein in the spinal 

fluid, accurate to within approximately 5 per cent. The method is 
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adapted to use in any well equipped clinical laboratory, and the technic 
can be readily acquired. It has the advantage that only a small 
amount of fluid is employed, that it is equally accurate with protein- 
poor or protein-rich solutions, and that a determination may be made 
in about ten minutes. 


The advantage to the clinician is obvious; substitution or control 
of qualitative methods by a rapid and relatively accurate quantitative 
procedure. 


BLOOD CHEMISTRY STUDIES IN INFLUENZAL 
PNEUMONIA * 


CLIFFORD W. WELLS 
DES MOINES, IOWA 


Heretofore studies in blood chemistry have chiefly beer confined to 
cases presenting evidences of renal involvement. Cases of pneumonia 
and other infectious diseases have received little attention in this direc- 
tion. This is due to the assumption that such studies would be of little 
value, and partly also to the relative newness of the subject of blood 
chemistry. 

This report sets forth the findings in 131 specimens of blood from 
sixty-one cases of influenzal pneumonia, representing various degrees 
of severity, and obtained on various days of the disease. The results 
were obtained from forty-two nonfatal cases and sixteen fatal cases, 
thirteen patients receiving intravenous injections of hypertonic glucose 
solution and six cases receiving intravenous injections of foreign 
protein. 

Nonfatal Cases: Table 1 includes the blood chemistry findings 
in forty-two nonfatal cases, arranged according to the day of the 
disease on which the blood was examined. In a few of these cases 
incomplete urinary findings are included. In seventeen cases the 
average excretion of chlorids per twenty-four hours was 2.98 gm.; 
in only one case was the finding in this regard normal. The above 
finding is in accord with the reported diminution of the urinary chlorids 
in pneumonia of the lobar type, and gives evidence that the same 
condition holds for influenzal pneumonia. In eleven cases the urinary 
urea averaged 21.46 gm. per twenty-four hours, which is within normal 
limits. In only one case was the amount subnormal, the blood urea 
in this case being slightly increased. In other cases in which the blood 
urea was considerably higher the content in the urine was normal. 
Unfortunately in the three cases in which the blood urea was highest 
the urine content was not determined. The severity of the pneumonia 
apparently had little influence on the amount of urea in the urine. 

With the diminution of the chlorids in the urine one might expect 
to find an increase in the blood. Our findings in this regard coincide 
with those of Gettler,* in that we consistently failed to find an in- 
crease. In five cases, classed as mild and moderately severe, the 
blood chlorids averaged 0.70; the average for the forty-two nonfatal 
cases being 0.57 per cent. 


* The results of observations made at the Base Hospital, Camp Travis, Texas. 
1. J. A. M. A. 74: 2033 (Dec. 21), 1918. 


ee ee 




















ee le 
Paes ete mn 


LOI EA. CET 
- 


PE NOR Ear a 
a - > 


t 





q 
' 





444 ARCHIVES OF INTERNAL MEDICINE 





The results of blood sugar determinations are included in the 
tables, but in the light of our present knowledge have little significance. 
It is to be noted, however, that a number of the cases gave findings 
toward the upper limits of normal. This may be caused by the 


injected glucose solution. 


TABLE 1.—Bioop Cuemistry DetTeRMINATIONS IN NONFATAL CASES 


or INFLUENZAL PNEUMONIA 
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Urine Blood Chemistry Findings | 
| 
| ~ 
o|ee lige (8 wo | Eo! 
|. & $/m0 | & |= |mo Me! 
g * ¢ sb io £8 |fs |. (Ses! 
#'co ./8)8/) 6 | oe | 35 -§ SS Eon) Remarks 
5s SB 2 8/4) = & =| “2- Sa t=. /5.-] 
*\ 823, 5/3) Eel ¢ | S28) oud) oo | edi bs 
$232 2 #] b 28) & | ae) Eas) Ec | ekeisea 
29'<0'G Ss) » aio zw o - ~ i=) o 
rmiwiN) 1)... |... | 2/0681 080) 1.4 13.0 27.82 50 | .. Very severe 
2NN .. oe coe | 1) 049/012) 1.75 | 15.75 31.706 2.95 .. | Moderately severe 
Oar.) Ios | cne.| Secs 1 046 0.12 25 53.0 113.42 7.7 - Very severe 
ewe oo Tacs | ade 1 060 O17) 21 172 «6636.8 6.1 = Very severe 
SN N 3 17 .... | 2 074/012) 0.86 18.0 | 38.52 22 - Moderately severe 
6 P P 8 16 24 2 0.68 0.18 10 16.7 83.75 2.45 65 Very severe 
7 NN S18 | av- 2 Of 0.14 3.05 19.5 41.73 4.06 5S Moderately severe 
8 N N 4 68 26) 2 0.64 0.13 | 0.85 .7 | 44.29) 22 52 Moderately severe 
O'P P|... |. | 2) 056/014] 1.85 16.3 34.88 58 .. | Moderately severe 
Wi NN... .. «ee | 2) 0.60) 0.16) 2.10 47.1 100.79 18.1 - Moderately severe 
1" N|N/ 27... 170| 2 057 | 0.14 1.2 12.2 | 26.1 5.2 .. | Mild ease 
2° P| N* 2 87 33.2 2 127 | 0.13 10 18.0 38.52 0.96 ee Moderately severe 
13 PiN 8 42 9.29 2 O68 0.16 1.35 18.0 | 38.52 2.9 56 | Moderately severe 
“NWN 2'3.6 16.56 2/|.... | OM 2.0 $2.2 65.48 3.42 54 | Moderately severe 
hart met oe | cee | eee | 2 044 6.10 2.6 16.25 34.77 1.72 ee Moderately severe 
wieN iN... oe 2 O51 0.00 1.1 163 3488 1.2 es Moderately severe 
Pizviz | .. _ 2 046 O12 25 58.0 113.42 7.7 “e Very severe 
6’ PP W 2. 3 | woe | OB 16 22.27 4765 66 =e Very severe 
~ N N 3 J 3 061 0.17 17 25.2 53.92 14.3 ee Moderately severe 
SP TE Tae | ce | ots 3 056 0.15 1.58 19.3 41.30 12.1 .. | Mild case 
SiPiN;' 8'2 3 049 015 19 16.2 3466 2.5 .. | Moderately severe 
2NHsN 4 x 3 0.70 0.10) 0.85 15.1 32.31 1.77 4 Mild case 
Sin in|.. ee 3 044 0.18 15 19.5 41.73 26 “e Moderately severe 
ee at oe - | 8 046 O11 2.55 2.5 6.71 5.7 Very severe 
Ss NN... eo 3 049 O11 1.55 19.5 41.73 | 32 Moderately severe 
SB Pi Pi \ 3 044 0.13, 10 2.75 444 6.4 Very severe 
Ae ee | 4 068 O11 15 28.0 6.92 2.7 Moderately severe 
2 PP 712 -. | 4 ©70'014) 11 32.2 69 6.0 Moderately severe 
Di) | .- | ove | 4 048 | 0.10 1.1 13.0 27.82 3.2 Very severe 
30 NN 6 43 | 4 046 006 12 16.75 35.84 0.71 .. | Moderately severe 
31 PP 6 06 | 5 064 0.13 1.05 32.0 68.48 42 45 Very severe | 
Siw | i ce | coe | secs 5 06 0.14 11 22.2 47.5 44 Mild case 
33 N ON 6 3.2 08 5 0.88 0.18 1.1 17.5 37.45 ete Mild case 
O81 1 I ce | cco | ccce 5 046 007 | 12 15.75 | 33.70 | 1.22 Moderately severe 
3% NON... 5 045 0.00 0.55 16.75 35.84 0.66 | | Moderately severe 
Sem tah wet ows 5 048 O16) 1.35 15.75 | 33.70 «(5.1 Be Moderately severe 
37° PN 418 .... | 6 068/016) 1.0 31.2 66.76 1.71 47 | Moderately severe 
3 PIN) 4)... | 14.7] 6| 074/011 | 0.75 15.2 | 32.52 2.65| 62 | Mild ca-e 
3 Ni N)|.. .- | 8 066 O11 14 400.0 | 8.60 29 | .. | Moderately severe 
0 P P 0 0.58 O12 22 13.0 | 27.82) 2.9 | Moderately severe 
4" N ON 11 | 0.70 0.09; 35 | 190 | 40.66) 1.7 | Moderately severe 
422 N N 26 0.55 0.14) 085 | 15.3 | 82.74) ... | Very severe 








* Cases in which pleurisy or empyema occurred. 


Abnormal amounts of creatinin in the blood usually indicate renal 


involvement. Meyers and Lough ® state that creatinin 


of 2.5 mg. or 


more per hundred c.c. of blood almost without exception indicates 
involvement of the kidneys. Five of the cases in this group had find- 


2. Arch. Int. Med., 16: 536, (Nov.), 1915. 
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ings above this amount, the highest being 3.5 mg.; two of these cases 
had neither albumin nor casts in the urine. The severity of the pneu- 
monia apparently influenced little the retention of creatinin. In six 
mild cases the average was 1.09 mg. per hundred c.c. of blood, and 
in eleven very severe cases 1.57 mg., both figures being within normal 
limits. 

Retention of urea nitrogen and urea occurred frequently in this 
group of cases, the degree apparently bearing some relation to the 
severity of the disease. The following averages were obtained. In 
six mild cases, 16.9 mg. per hundred of blood ; in twenty-five moderately 
severe cases, 21.87 mg., and in eleven very severe cases, 25.7 mg. 
(Table 2). The findings in relation to the day of the disease are 
given in Table 4. The average in four cases on the first day of the 
disease amounting to 16.03 mg. per hundred c.c. of blood. The fig- 
ures for urea parallel those for urea nitrogen. 


TABLE 2.—B oop CuHemistry FINDINGS IN RELATION TO THE 
SEVERITY OF THE DISEASE 





Urie Acid 


Creatinin Urea Nitrogen 
Mg. 
&. 


Clinieal Type Number Chiorids Average Mg. Average 
of the of D. 100 C 


Average, per 100 C.c. 
Disease Cases Per Cent. of Blood 


8 0.62 
Moderately severe... . 24 0.60 
Very severe and fa- 
tal cases 6 


1. Average for 24 cases. 
2. Average for 20 cases. 

Uric acid being the most difficult of the nitrogenous waste products 
for the kidneys to eliminate, it might be expected to be found in- 
creased in the blood, under certain circumstances, even when the urea 
and creatinin are normal. In the group of cases under discussion an 
increase of blood uric acid was frequently encountered. As a rule, 
this increase was proportional to the severity of the disease. In 
eight mild cases an average of 3.5 mg. per hundred c.c. of blood was 
found ; in twenty-four moderately severe cases 3.75 mg., and in twenty 
very severe cases it was increased to 4.98 mg. (Table 2). The highest 
findings for uric acid were on the third day of the disease, the lowest 
on the fourth and fifth days (Table 3). The highest figure for* uric 
acid encountered in this series was in Case 10 (Table 1), a moderately 
severe case, with 18.1 mg. per hundred c.c. of blood. 

The blood of sixteen fatal cases was examined on various days of 
the disease (Table 4). In these cases a greater reduction in the 
urinary chlorids was found. In general, the blood chlorids and sugar 
were normal. Urea and urea nitrogen were usually increased. In 
cases 4, 10 and 15, in which the determinations were made one and 
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two days before death, these products were decidedly increased. Uric 
acid was increased in practically every case, averaging 4.46 mg. per 
hundred c.c. of blood. In this group of cases such factors as the 
day of the disease, duration and complications had little influence on 
the degree of retention. 

The original plan of this investigation was twofold: to study the 
retention of the nitrogenous waste products in the blood of pneumonia 
cases uninfluenced by any special form of treatment, and to determine 
any possible alteration in the degree of retention resulting from the 
intravenous injections of foreign protein and hypertonic glucose solu- 
tions. In the reaction which frequently follows the intravenous in- 
jection of a foreign protein profuse sweating occurs ; that this reaction 
might have a modifying effect upon the degree of retention seemed 
possible, especially in view of the marked improvement which fre- 
quently followed such injections. 


TABLE 3.—Btoop CHemistry FInpINGs IN RELATION TO THE 
Day or THE DISEASE 











Creatinin Urea Nitrogen Urie Acid 
Day of Number Chiorids | Average Mg. Average . | Average Mg. 
he Disease of Average, | per 100C.c. per 100 C.e. per 100 C e. 
Cases Per Cent. | of Blood of Blood of Blood 
es aed 4 0.51 1.94 16.08 4.59 
Rideondussacewee 16 0.64 1.62 19.85 4.53? 
Migaapecesceneses 4 0.52 154 21.16 6.06 
aes 5 0.58 1.22 23.54 3.02 
Ey 9 0.56 1.06 22.14 3.11 








2. Includes 17 eases. 

Thirteen cases of pneumonia are cited in which one or more blood 
chemistry determinations were made before and after the intravenous 
injection of a hypértonic glucose solution, including a total of sixty- 
three determinations (Table 5). The results in these cases were not 
as striking as we had hoped. It was thought possible that an appre- 
ciable reduction might occur following the injection of large quantities 
of glucose solution. There was a slight reduction of urea nitrogen 
and urea in Case 3. In Case 4, uric acid was reduced on the second 
day, creatinin on the third day, and urea and urea nitrogen on the 
fifth and seventh days; on the second day, however, the latter product 
was slightly increased. In Case 8, on the third day uric acid was 
reduced from 6.4 to 2.5 mg. per hundred c.c. of blood four hours 
after the injection of 250 c.c. of glucose solution. In Case 10, on 
the sixth day there was an appreciable reduction in urea five hours 
after the injection of the glucose. In Case 3, on the second day urea 
nitrogen, urea and uric acid were slightly increased four hours after 
the injection. In Case 6, on the third day the uric acid doubled in 


WELLS—BLOOD CHEMISTRY IN PNEUMONIA 447 


amount two hours after the injection. In Case 8 urea was increased 
on the third day, and on the sixth day uric acid was greatly increased, 
three and eighteen hours after the injection. 

Six cases are included in the foreign protein group (Table 5). Only 
two of these permitted satisfactory chemical examinations of the 
blood with reference to the injection of the protein. In Case 5, four 
hours after the injection of 0.5 c.c. of a typhoid vaccine, sufficient to 
cause a moderate reaction, there occurred a moderate reduction in all 
the nitrogenous waste products in the blood. In Case 6, there 
occurred on the first day a considerable increase in the uric acid 
content of the blood four hours after the intravenous injection of the 
protein. In three cases in this group uric acid retention was found 
present following the injections. 


TABLE 4—B.toop CuHemistry DeTeRMINATIONS IN FATAL 
oF INFLUENZAL PNEUMONIA 


Blood Chemistry Findings 








24 Hour Specimen 
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Ce 


Day of 
Death 


Nitrogen, 
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* Cases in which pleurisy or empyema occurred. 


Case 8 (Table 5) is sufficiently unusual to merit some discussion. 
A graphic ‘presentation of the retention curve for the various nitrog- 
enous waste products is given in the accompanying chart. This case 
was of the type in which clinical experience had taught us to expect 
a fatal termination. The patient was delirious and irrational for 
several days, presented marked cyanosis and dyspnea, rapid and thready 
pulse, and high fever. On the ninth day of the disease, the blood 
chemistry findings were, creatinin, 5.1 mg.; urea nitrogen, 148.0 mg. ; 
urea, 315.7 mg. and uric acid, 9.6 mg. per hundred c.c. of blood. An 
acute kidney involvement was present but cleared rapidly with con- 
valescence. In Case 4 of the glucose series an equally severe clinical 














































































7 j i | } 
008 | . peer vite’ “Bei Hews | 88 | erttz 0°66 | ss | 400 | 20) St 9 
YBap YIM asu9 ataAag «ESL res piper Talal | | | 09 | 09 | o'83 | oe sto | wool. is|° . "| MIN 2 
| | | | 
wmserd pooigjosmod ov | se | cys sect see | ors oro) Wola is | | 
JujuuOD 6 Jo evap oo | oo | Os MIF Ge | ot cro OrO| S| F | ¥ i _ 
PUY TOPPUGJAL PesBaIIT] SMOUS oF on Le. wer Toe | sot oO) 0; s |S | OF I9'l Sa 0°06 | OT | sO, 0v'0 6 8 | - 
qI"9P GIjM O8UO QIeAVg** . ae aren page} Hos spre pee) | go | 8S | erue | bes | et | oro) wo) w/e) ORO |o |di dio 
2889 DIN «093 | oo ow | 0°08 el S10 Ol iF | Lat | O8°TF S6t at | sto #0 9 || * itis non | ddaés#é 
£10A0904 ‘* | SAL |pRO'OS | O'OT 60 sO | 6rO 06 
20 | 89%) (OU Lt 600 a0 we 
GOL | Bess | OSL | oO | OLO | So°O | O8 | I 
Ol els | OSI Ut | 10 | SO | so | OL 
wt | 39°92 | OBI ot Wo)! wo! sts 
ose ort pores | O8T OO WO 6FO;¢ |! sel rl | 2 
0% we sre | aL oO | WO) eo;|¢ 9 | Ost set | | 9 
mols ied ** | oss | SOP | S6L | GZ | a10 | O@Ol9o ¢ 80S GL ¢ 
Ai@A 88M S1VAOWY = “UOT Of 06% 6 “* |g) | O% | GR sO woOl9 + OSs ve | ’ 
“Of 381 403)" “GO}JNpPel prow (Ke 6 19 99 | O98 13 (so; Wolo is | 96 | 8S | Pi 
WN WSS ‘eswo eteAas AleA (KET “oc c@o sre | sil gt’o;°°"° ' z au oT | | & wor rzt|\6l da dst 
GO} Npel IYIi[s fl | wer | Sl | GOT sro | sO lo ls ost wt | coo; oro! Tt |g 
Sujmoys ‘aseAes Ajeyeiepoy fee ll” lel se | OBI Tl Wo; oo; rt |e | eo TL | 600 | 890) % |% . Wien ¢ 
yoNnped I4F{[s uy | 
uo} | | | | 
“MOUS ‘88U0 elvAN8 AfeIELepOR =e ore | ore | TOL | oo | 61TO) 80 | SE | ss | wes ost wo ao 80 I ra Lt |@ oN N @ 
UO} {Uajad  BO}JINpes OU Buy ze os | oes lw ws (90 BO; T |g | | 
“MOUS “IRAP GIEM O8B9 alvAVg = OR. ge 23 OB LE | Ce ot OO L4o°O)| te) FF r¢ syror Sls rto46evo wo lUf8lU COI "IN ait 
. 4 | o.uUu-dhlCU | oo 2 o\_Eig a) si ¢g - Co} 2 i simpeisi¢ivzi¢o ° 
s 3 | | ome = Fe yx os a 
ge lero pus of lemdlend| = ge iee\% lez? ea?| cf ged gad) § ge ce2 2): E/E FG 
E gacle a) ce len 18 Bf PEIESIS doe bl oe lke 8 lS Pe laes| >) 2 lal fible 
_ s¢ > ce rs Ss * |S5| a6 > & }. & = is = a 
Fo ite BF = Zo se) & FISES le.8 Be ok Se UR Bee ee E 
euuin eee on el Be) le) BSG SE on *h | 9 2Pes) Pie z 
= or oa ro) rt pa E-=> OE ja re) ro) 3 - 
ae PER ba OF Ss) 8 F z* le OF 3 98) OF) | 
S | 
os SUOlPe[U] a809N[F) 121s V | suo Wea] asOon[H aojog “‘dadg “If, 9% 
= s8uiparg A1ysyurey) poor eu 
NIGLONG NOW GNV NOLLAIOS ISOINTD 40 NOLLVALSININGY SQONFAVALN] FHL AALAY GNV 4N0daG] AMLSINAHT) GOOTG—C FITAVL 
4 ; <0 emgemenccpeeren = ‘ vam ae oe : ap “ “me gar ; e 1 
ee, a ae cs 6 Sha eee = 








qIBep YIM ‘a19Ae8 A104 
41940001 (pM ‘919408 A184 
qavep qi" ‘alades £1904 


q{ivep qs ‘eleAes A104 


£1940001 ‘910A08 ALaqUepoK 


41940901 ‘910408 Alay Blapo, 


Qi8ep Gaps ‘aseAos At04 
yeep GIA ‘e10A08 A104 


{peep YIM ‘eteAes Al0A 


uo;wnpes Wy 3qs Ju mous 
AOJAL IM ‘AloAas Apap Repo 


GO} Upes WYAYs BFuymoyg 
"AOD VIM “Glades AloqusepoR 


uIngve Jed asoonTp 
winjved Jed esoontA 
uingoes Jad asoonty 
urn ved Jed asoon[E 
uinjves Jed asoont[A 
01n90e1 Jd asoonts 
win el Jad esoon[ pH 
u1njde1 Jad gsoonTs 
uin}de1 Jad asoontr 
In jal Jad esOontF 
WOlIde}el aaFap YS|y FZujmoug 
£1940901 YUM ‘819408 A[pensnuy 





sro =6«woO 
sro) =6lwo 
sro gw O 


tt | 2to sso 


cel ro oF'O 


uolefuy jaIO1g UBja10g Jay 


S10 890 
st'0 | 90°0 
600 | “SO 
or'o 60 
1rd 08"0 
10 6s°0 
we} * 

/ oro | 19°0 


| 130 19°0 
| eto | L¥0 


awesccdnsce 


“Sate 


PAH K ONDA or“eeat 














oB'se 
solr 


98669 


89°38 
bas 


Sir 


‘peiindv 0 vuleddue 10 Astinetd Gorges Ul Be8RD , 


orl sro 
or 10 
ore | oro 


slo 
90 


Ul svo 


vt oo | 


60 Io 


Gest i ove 
oro : 600 


él m0 


ave 
slo 
slo 





ooo : 
6v'0 . ; did 


wo 


0 
wo 





iL'0 
oo 
co 


oro 
"0 


wo 


wo UF 
oro o£ 
0 | 

















a a 








ee 


rc a 


TER 6 VR. ae ees ORGIES 82 Naat 8 


Bie eh wee 


aa? eet 








“8 Si eae ne 


7 > 


- 





450 ARCHIVES OF INTERNAL MEDICINE 


picture was presented with slightly less retention. Case 7, terminating 
fatally, also presented marked retention (Table 5). 


COMMENT 


The literature dealing with blood chemistry findings in pneumonia 
is limited, and the reports available are inconclusive as to their value 
in this disease. Gettler* explains the retention of nitrogenous 
products in the blood to an accompanying renal involvement, stating, 
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Blood Chemistry Findings in Case 8, Table 5. 


“we can safely assume, therefore, that the complicating nephritis was 
the chief cause of the retention, and not pneumonia.” Matz * claims 
the retention is due to “protein injury, disintegration and autolysis 
accompanying excessive lung inflammation.” Both writers are un- 
doubtedly correct, but other factors may also be contributory; par- 
ticularly, impairment of the circulatory function, as found in cases 
with extreme cyanosis and rapid pulse. Nor need the protein injury 
be confined to the pulmonary inflammation, for other tissues of the 


3. Am. J. M. Sc., 158: 723 (Nov.), 1919. 


WELLS—BLOOD CHEMISTRY IN PNEUMONIA 451 


body may be subject to more than normal insult and catabolic changes, 
with a resulting increase in the nitrogenous waste products. The influ- 
ence of diet as a factor furthering retention may be eliminated 
from this study, since all these patients were on liquid diet during the 
period of the blood examinations. 

Tileston and Comfort* report fourteen cases of pneumonia in 
which blood urea determinations were made; finding 36.0 mg. per 
hundred c.c. of blood as the highest retention, and 11.2 mg. as the 
lowest. They conclude that there is no relation between retention and 
prognosis. Schwartz and McGill® report forty-four case determina- 
tions of blood urea in pneumonia, finding as their highest 104.4 mg., 
and their lowest 12.0 mg. per hundred c.c. of blood. Thirty-six of 
their determinations were above normal. Some of the patients were 
cyanotic at the time the blood was obtained. Seventeen had a definite 
toxic nephritis; and it was to the latter they attributed this increase. 
Only one of their cases having blood urea over 60.0 mg. per hundred 
c.c. of blood recovered. They therefore concluded that cases with 
marked retention offer a bad prognosis. They noted that the maximum 
retention occurred about the time of crisis in the lobar type of pneu- 
monia, although in several it occurred on the first and second days 
of the disease. Foster® states that uric acid has been consistently 
found increased in pneumonia, but that in his experience an increase 
in the nonprotein nitrogen has been exceptional and associated with 
marked evidence of circulatory disturbance. Gettler and St. George * 
found little or no chlorid retention in the blood of pneumonia cases. 
Meyers and Lough? claim that the retention of creatinin practically 
only occurs in cases having an associated renal involvement, and that 
values of 5.0 mg. or more per hundred c.c. of blood indicate a fatal 
termination ; and that values for urea nitrogen of 40.0 mg. or more 
indicate a bad prognosis. 

In most of the fatal cases in this study an increase in blood uric 
acid was shown (Cases 4, 6 and 16, Table 4; Cases 7 and 13, Table 
5; Cases 10, 19 and 20, Table 1, and two nonfatal cases, 4 and 8, 
Table 5). The average uric acid found in thirty-nine nonfatal cases 
was 3.14 mg. per hundred c.c. of blood, while in ten fatal cases the 
average was 4.45 mg. Four cases in this series had uric acid values 
over 10.0 mg. All these patients recovered. Uric acid is stated to 
to be the first of the nitrogenous waste products retained and the 
most difficult to eliminate. Creatinin, on the other hand, is the most 
readily eliminated and the last retained (Meyers and Lough).? The 
serious significance of the retention of over 5.0 mg. of creatinin per 


4. Arch. Int. Med., 14:620 (Nov.) 1914. 
5. Arch. Int. Med., 17:42, (Jan.) 1916. 
6. Arch. Int. Med., 15: 356, (March) 1915. 
7. J. A. M. A., 71: 2053, (Dec. 21), 1918. 
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hundred c.c. of blood has been cited above. Case 8 (Table 5) is a 
case of this character. It also gave findings of 148. mg. of urea 
nitrogen, yet recovery occurred. Seven of the nonfatal cases, and 
three of the fatal cases gave findings of urea nitrogen over 40.0 mg. 
per hundred c.c. of blood. 

The carbon dioxid combining power of the blood plasma in cases 
of pneumonia has not been dealt with in this paper, although a few 
such readings have been included in the tables. From the few cases 
examined in this respect, the conclusion is warranted that a lowering 
of the carbon dioxid combining power of the blood plasma is very 
apt to be found in patients seriously ill, and particularly when there 
is also extensive pulmonary involvement or marked circulatory dis- 
turbance. 

No conclusions relative to the effect of the crisis in pneumonia 
on the degree of retention can be drawn from this study, since the 
majority of the cases terminated by lysis. 

The relation of the day of the disease to the degree of retention 
is shown in Table 2. At no time was there found an increase in the 
chlorids, although the urinary chlorids were greatly diminished. 
Creatinin appeared to be slightly increased on the first day of the 
disease. This might be construed as contrary to the conclusions of 
Meyers and Fine that creatinin is the last of the nitrogenous products 
to be retained. The increase in our cases is too small to warrant 
definite conclusions in this regard. Urea nitrogen and urea reten- 
tion were most marked on the third and fourth days of the disease. 
The highest average figures for uric acid occurred on the third day. 
The two latter findings were to be expected. 

A very definite relation is evident between the severity of the dis- 
ease and the degree of retention of urea nitrogen, urea, uric acid and 
to a lesser degree creatinin (Table 3). The occurrence of empyema 
and pleurisy had little or no influence on the findings in this series. 

Among the students of blood chemistry there seems to be a ten- 
dency to minimize its value when applied to cases of pneumonia. Cer- 
tainly as far as reported studies are concerned, such conclusions are 
not warranted, especially in view of the few observations on record. 
Before the value of the application of blood chemistry studies to 
pneumonia can be decided, there is need for more extensive applica- 
tion of its use in thése cases. These studies should take into con- 
sideration such factors as diet, drug therapy, serum therapy, kidney 
function, extent of lung involvement, type of infection, etiologically 
and pathologically ; the condition of the circulatory apparatus, presence 
of complications, and the severity of the disease. I do not care to 
draw more definite conclusions in this regard than have been intimated, 
leaving such for a more intensive study. 


BLOOD CHEMISTRY OF PERNICIOUS ANEMIA* 


ALEXANDER O. GETTLER, Px.D. 
AND 
EDWARD LINDEMAN, M.D.+ 


NEW YORK 


Kahn and Barsky' recently published an admirable’ paper in 
which they report the results of the blood analyses and the func- 
tional capacity of the various organs in three cases of pernicious 
anemia. Their study revealed the following conditions : 

Stomach: Gastric stasis seemed to be present; free acid and 
pepsin absent. The mucosa appeared to be nonfunctioning, the result 
of atrophy. 

Intestines: Digestion and absorption, especially that of the pro- 
teins, were disturbed and below normal. Intestinal putrefaction was 
increased. 

Pancreas: The pancreatic enzymes were present in normal 
amounts and tests showed that the pancreas was functioning normally. 

Liver: The function of detoxication was deficient. Other func- 
tions, such as the glycogenic, ureogenic, biligenic, were normal. 

Pigments: Both pleochromie and urobilinocholia existed, showing 
that excessive hemolysis was going on. 

Kidneys: The excretoty function of the kidneys was normal. 

Urine: Quantitative partition nitrogen determinations proved the 
normal output of the excretory nitrogenous substances with the excep- 
tion of a greatly increased oxyproteic acid. 

Blood: The nonprotein nitrogen, urea and uric acid content was 
normal. The creatinin was increased. The glucose, fat, and choles- 
terol were normal. The alkaline reserve was below normal, showing 
an acidosis. The specific gravity of the plasma was lowered and the 
protein content was much reduced. The ash and calcium were slightly 
increased. 

The work reported in the present paper deals solely with the 
analysis of the blood. The work was started in 1916. Thirty-two 
cases have been studied. In most of the cases several complete blood 
analyses were made at intervals of a month or more. In Case 1, 


*From the Chemical Laboratory, Department of Pathology, Bellevue and 
Allied Hospitals and of the University and Bellevue Hospital Medical College, 
New York. 

+ This work was undertaken at the instance of Dr. Edward Lindeman, who 
died in June, 1919, at Atlantic City. Dr. Lindeman evinced the greatest interest 
in the subject of pernicious anemia, to which he made several contributions. 

1. Kahn, M., and Barsky, J.: Arch. Int. Med. 28: 334 (March 1919. 
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TABLE 1.—Resutts or ANALYses oF Bioop IN Pernicious 
AneEMIA—(Continued) 
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t Spleen removed one year before first analysis. 


eight such analyses were performed within a period of fifteen months. 
In all, the thirty-two cases yielded eighty-seven complete analyses. 
The methods were the same as those used in the analysis of normal 
cases.” . 
Nonprotein Nitrogen: Although 52 per cent. of the cases are 
within the normal limits of nonprotein nitrogen (from 25 to 40 mg.), 
the remaining 48 per cent., an amount too large to be accidental, 
shows values above the normal limit. They range principally between 
40 and 60 mg. Twelve of the cases (14 per cent.) have a value of 
above 60 mg. ‘ 

Urea Nitrogen: Among the values for urea nitrogen, only 18 
per cent. are above the normal, the remainder being within the normal 
limits (10 to 20 mg.), but even in these the tendency toward the 
higher normal limit is noticeable. 

Amino-Acid Nitrogen: The nitrogen found in this form is higher 
than the normal in practically all the cases. In some of the cases 
the amount is as much as four times that of the normal. 

Uric Acid: Of all the nonprotein nitrogenous excretory products, 
it is the uric acid that shows the greatest rise. Ninety per cent. of 
the cases have a uric acid value that is higher than normal (from 
0.5 to 3.0 mg). In 38 per cent of the cases the values are above 5 
mg., many of them showing values as high as 9 and 10 mg. 


2. Gettler, A. O., and Baker, W.: J. Biol. Chem. 25: 211, 1916. 
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Creatinin: Fifty-eight per cent. of the values are within the normal 
limits (from 0.1 to 1.5 mg.). The remaining 42 per cent. have higher 
values, but the creatinin rarely rises higher than 3 mg. In our series 
only one case was found above (3.1 mg.). 

The above values for the nonprotein nitrogenous substances indicate 
that the kidney function is slightly impaired. This is apparently not 
due to a permanent lesion of the kidney, but to the fact that much 
less blood circulates because of the anemic condition. The increased 
nonprotein nitrogen figures must not be taken as a direct measure of 
kidney function in these cases of pernicious anemia, because only part 
of this rise is due to the lessened activity of the kidneys. Another 
and equally important cause for this rise in nonprotein nitrogen is 
the presence in the circulation of an abnormally high amino-acid con- 
tent. 

For the presence of the increased amino-acid content in the blood 
several theories may be given: 

1. The organism has lost the power to synthetize serum proteins. 

2. It is decomposing serum proteins at an abnormally high rate. 

3. The muscles and organs are not absorbing amino-acids as they 
do under normal conditions. 

4. The muscles and organs, especially the liver, have lost their 
deamidizing power. 

5. The protoplasm of the cells is being broken down into its con- 
stituent amino-acids. 

6. Oxidation throughout the organism has been greatly reduced, 
thus giving rise to a large quantity of oxyproteic acid whith, owing 
. to its free amino groups, will react in the Van Slyke estimation of 
amino-acids and thus give high results. 

These six theories are simply put forth as possibilities which future 
research may prove or disprove. At this stage, however, it seems 
likely that the abnormally high values of amino-acid are due partly 
to the fact that increased amounts of oxyproteic acid are being pro- 
duced in this disease, but principally to the abnormally large desttuc- 
tion of serum proteins and their hydrolysis to amino-acids. 

The uric acid rise is out of all proportion to the other non- 
protein nitrogenous constituents. 

Sugar: Seventy per cent. of the cases show a blood sugar value 
above normal (from 60 to 100 mg.), 19 per cent. being above 130 mg. 
This indicates either that the body is not oxidizing the sugar as fast 
as it should, or that the glycogen-glucose equilibrium has been dis- 
turbed. The more probable explanation is the first one. The oxidiz- 
ing processes of the cells are evidently at a lower level than under 
normal conditions. 
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Alkaline Reserve: This is diminished in practically all pernicious 
anemia cases. In our series, 50 per cent. are below the normal values 
(from 53 to 75 per cent.), the lowest value obtained being 33 per 
cent. The remaining 50 per cent., although within the normal limits, 
show a tendency toward low values, as indicated by the fact that only 
14 per cent. of the cases show values above 60 per cent. 

The reason for this lowering of the alkaline reserve (production 
of acidosis) in pernicious anemia appears to be the result of dimin- 
ished oxidation. In this way, organic acids that normally would be 
oxidized to carbon dioxid and water are not destroyed, but, instead, 
are partly neutralized by the fixed bases and eliminated as such. In 
this way alkali is continually lost to the organism and the low alkali 
reserve results. 

Physical Constants: The refraction brings out the interesting fact 
that in the blood of pernicious anemia patients the serum proteins are 
greatly reduced. In our series, 76 per cent. are below the normal 
value (from 16 to 18). In many of these cases we find the serum 
protein lower than in cases of severe nephritis with edema. The de- 
crease in serum protein may be as much as from 40 to 50 per cent. 
of the amount of normal serum. 

Specific Gravity: The specific gravity runs parallel with the refrac- 
tion. Eighty per cent. of our cases show values below the normal 
(from 1.0270 to 1.0295). This is to be expected as the decrease in 
protein content affects the specific gravity in the same direction as it 
does the refraction. 

Freezing Point: The least variation from the normal (from 0.520 
to 0.610) is found in the freezing point. Here only 28 per cent. of 
the cases are above the normal values. Among those that show values 
within the normal limits, there is also seen this tendency toward a 
rise, but it is not enough to bring it above the accepted normal limit. 
The cause for this small increase in freezing point is twofold: first, 
the increased nonprotein nitrogenous substances, and, secondly, the 
fact, as shown by Kahn and Barsky, that the blood of anemics has a 
somewhat higher inorganic salt content than that found in normal 
conditions. 

SUMMARY 


1. The results of the chemical and physical analysis of the blood 
in eighty-seven cases of pernicious anemia are reported. 
2. The nonprotein nitrogen, urea and creatinin values are some- 


what higher than normal. This is probably due, not to a permanent 
kidney lesion, but rather to the decreased amount of circulating blood. 


3. The uric acid is much above normal. 
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4. The amino-acid content is greatly increased due to excessive 
destruction of serum protein. 

5. The blood sugar is abnormally high. 

6. The alkaline reserve is subnormal. 

7. The last three point to the fact that in pernicious anemia the 
power of oxidation within the cell has been reduced to an abnormally 
low level. 

8. The refraction and specific gravity are both astonishingly low, 
indicating deficiency in serum albumin, serum globulin and fibrinogen. 

9. In most instances the freezing point is very near to normal. 
It is slightly raised in a small percentage of cases. This is due to 
the small increase of nonprotein nitrogenous substances and to the 
presence of normal or slightly increased amounts of inorganic salts. 


We are greatly indebted to the late Mr. Mason of Newark, N. J., for a 
grant in aiding this investigation. 











XANTHOCHROMIA, WITH REPORT OF THREE CASES 


LOUIS A. LEVISON, M.D. 
TOLEDO, OHIO 


The association between xanthochromia and certain obstructive 
types of spinal cord tumors in the lower dorsal or lumbar regions is 
now well established. This association, however, is not so definitely 
determined that the discovery of xanthochromia justifies the diagnosis 
of a spinal cord tumor. There have been repeated instances of yellow 
fluid in the absence of tumor and it is in this type of patient that 
the significance of xanthochromia is not well established. 

The character of the fluid in other respects, that is the coagulability, 
the amount of globulin, the number and type of cellular elements, 
permits of further classification of yellow fluids. Indeed, what is 
most characteristic and diagnostic about yellow fluids is afforded by 
certain features other than the color. 

Reports of recent years make it evident that xanthochromia is 
not the uncommon finding that it is ordinarily supposed to be. Several 
large series of case reports from particular clinics bear this out. 
Nammack’s series of ninety-six cases is, perhaps, the largest group 
reported. This series occurred in the examination of 5,801 spinal 
fluids by the meningitis division of the Health Department of New 
York City. This series was made mainly from acute or subacute 
types of disease. Sixty cases are tabulated and studied, and of this 
number fifty-three were instances of either tuberculosis, meningitis 
or poliomyelitis. Nammack’s series differs, however, from Froin’s 
syndrome in that coagulation was absent in practically all cases. Coag- 
ulation is recorded as three plus in one instance, two plus in one 
instance, and one plus in two instances and absent in the remaining 
cases. ; 

The causation of the yellow fluid is not clear and apparently is 
not the same in all types of disease or pathologic states. The yellowish 
tinge of the spinal fluid which persists sometimes for long periods 
after the intraspinal administration of serum should not be considered 
as a true instance of xanthochromia. The albumin content may be 
increased in this condition also and persist for weeks after the serum 
has been administered. Froin believed that the yellow color was due 
to bilirubin and other blood pigment. It has been suggested that 
there are minute hemorrhages into the spinal canal and ventricular 
spaces to account for the yellow coloration. This type of hemorrhage 
does undoubtedly occur and there are instances where both red blood 
cells are found microscopically, and hemoglobin chemically. 
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The explanation of the absent hemoglobin reactions in certain 
instances of xanthochromia is not altogether clear. The reason has 
been advanced that decomposition or disintegration of the hemoglobin 
has taken place in the fluid which originally contained blood cells 
following minute hemorrhage. There is an occasional instance 
reported where the spinal fluid is discolored in icteric states, as in 
the case cited below. This type of discoloration should be excluded 
from the classification implied in the name xanthochromia. It is 
entirely probable that icteric spinal fluid would be found more com- 
monly if spinal punctures were made in patients with jaundice. This 
occasion, however, rarely arises, for obvious reasons. 

The list of pathologic states in which xanthochromia has been 
reported is fairly long and varied. A partial tabulation of this list 
is made by Sprunt and Walker in their excellent article. Xantho- 
chromia has been found in such conditions as neoplasms of the cord 
or its membranes, vertebral tumors, vertebral fractures, tuberculous 
spondylitis, adhesions between the cord, arachnoid and dura, gumma 
of the meninges, gliosis spinalis with syringomyelia, myelitis, brain 
tumors in contact with the meninges or ependyma of the ventricles, 
tuberculous meningitis, poliomyelitis, Landry's paralysis, pachymenin- 
gitis, cerebral hemorrhage, epidemic meningitis, multiple sclerosis, 
verrucose veins of the cord, and neuritis of the cauda equina. This 
list is so varied that it is manifest that no etiology is common to all 
cases. 

A division of cases of xanthochromia into groups on the basis 
of coagulability of the fluid will also throw them into groups in 
regard to pathogenesis. Increased coagulability of the spinal fluid 
is more pathognomonic than the xanthochromia itself. Instances of 
so-called massive coagulation of the spinal fluid practically always 
denote some obstructive lesion of the spinal canal. It is pointed out 
by Sprunt and Walker, that practically all authors agree that for the 
production of Froin’s syndrome there is necessary an interruption to 
the flow of the cerebrospinal fluid and the formation of a pocket 
of greater or less extent in which the fluid stagnates and into which 
various elements pass by transudation from the blood vessels within 
its walls. , 

There are variations in the spinal fluid otherwise in regard to the 
cellular content, the amount and nature of the protein present, the 
presence of hemoglobin, which renders interpretation somewhat diffi- 
cult. The fact that there are instances of yellow fluids which are 
still difficult or impossible to explain justifies the report of further 


cases. 





LEVISON—XANTHOCHROMIA 


REPORT OF CASES 


Case 1.—I. F., aged 20, male, student, was first seen Jan. 2, 1918. 

Chief Complaint: Gradually increasing weakness of left leg during past 
six months. 

Family History—Measles and whooping cough in early childhood. Several 
attacks of sore throat. Denies venereal disease. Habits in regard to eating, 
tobacco, alcohol and sexual abuse negative. No history of trauma. 

Present Illness —The onset of the present illness is indefinite, but apparently 
dates from about June, 1917, since when he has had pains and increasing weak- 
ness in the left foot, leg and hip. The pains were trivial in nature at the outset, 
but increased in severity. Sometimes they radiated from the hip to the foot, 
again they affected more limited areas, such as the ankle, knee, calf or thigh. 
There was noted a distinct tendency to perspire freely, especially after exertion, 
however slight. Marked exertion was followed by actually dripping perspira- 
tion. During this first period there was no cough, dyspnea, expectoration, 
nausea, vomiting, headache, vertigo or disturbances of sleep. Later efforts at 
moderate work or even walking brought on palpitation. By the latter part of 
1917, the movements of the left leg were markedly impaired, and eventually 
the foot dragged on walking. He was not able to stand without holding to 
some object. The pains in the legs had not increased over the earlier period, 
and were not intolerable. Sensory phenomena had appeared, such as numb- 
ness, tingling, and similar paresthesias. The tendency to perspiration continued 
and increased. Bladder incontinence developed and increased toward the end. 
Control of the rectal sphincter was fairly good, but not complete. 

Physical Examination—Temperature and respiration normal. Pulse rate 
variable, but reaching 120 on attempted effort or emotional excitation. Weight, 
120; height, 5 feet 5 inches. Small frame, general musculature moderately 
developed, panniculus decreased. Bones, joints and glands negative. Patient 
lying in bed with hips and knees flexed. Is able to stand erect with some 
effort when aided or holding to some fixed object. Walks with great difficulty, 
dragging left foot and leg. Moderately fine tremor of hands increasing with 
excitement or effort. Expression anxious. Mental condition clear. Speech 
negative. Skin moist, no skin lesions or scars. No edema. Head negative. 
Teeth good, throat negative. No exophthalmos or other evidence of exophthal- 
mic goiter. Thyroid palpable, but not enlarged, and without any brait. Thorax 
slender, symmetrical, normal respiratory excursions, lungs negative. Heart not 
increased in size. Distinct cardiorespiratory murmur at apex and at the tip of 
the left scapula behind. Pulse rate, from 76 to 120. Synchronous on the two 
sides. No unusual vascular phenomena. Blood pressure, 122/60. Abdomen 
negative to inspection. Liver, spleen and kidneys not palpable. Genito-urinary 
system, negative. 

Leukocyte count, 9,200. Hemoglobin, 90 per cent. Differential count: 
polymorphonuclears, 64 per cent.; small lymphocytes, 22 per cent.; large mono- 
nuclears, 9 per cent.; transitional cells, 4 per cent.; polymorphonuclear eosino- 
phils, 1 per cent. The stained smear showed no unusual red cell forms, no 
parasites or other abnormal finding. 

Examination of the nervous system showed no involvement of the cranial 
nerves or of the upper extremities. The two halves of the face were sym- 
metrical. No twitching. Movements of the lids and eyes were normal in all 
directions. Pupils react well to light and accommodation. Movements of the 
mouth, such as whistling and blowing, were normal. Palatal reflex present. 
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Tongue protruded in median line without tremor. No atrophy of thoracic or 
muscles of upper extremity. All movements of hands and arms good. Mod- 
erate tremor of hands increasing on excitement or exertion. Spinal vertebra 
not sensitive to ordinary tapping with percussion hammer. Below the level of 
the sixth dorsal there are sensory changes which have no sharp line of demarca- 
tion. There are areas of complete anesthesia fixed from day to day, and also 
areas of disturbance of the temperature sense, but apparently varying from 
time to time. This condition of sensory changes extended from the trunk down 
the left thigh and leg to the ankle. The left leg showed a considerable degree 
of atrophy from thigh to the ankle. Both patellar reflexes were markedly 
exaggerated. Cremasteric and abdominal reflexes were absent on both sides. 
Babinski was marked on the left side, but absent on the right. 

Spinal Fluid Examination.—Deep, rich canary color, not cloudy, cell count 
showed 22 cells per c.mm.; 18 of these were small lymphocytes; the remaining 
four cells were two or three times as large as a lymphocyte with a poorly 
staining protoplasm and nucleus. There was an excessively large amount of 
globulin, with partial spontaneous clotting after the second day. Wassermann 
reaction negative. Fehling’s not reduced. 

Operation —Jan. 4, 1918, by Dr. J. H. Jacobson. Laminectomy was done and 
showed at the level of the fifth and sixth dorsal vertebrae a swollen, dark 
purplish, intramedullary growth gradually disappearing above and below this 
area. There was a very distinct difference in color of the cord above and below 
the tumor site. The meninges over this area were markedly congested, but not 
adherent to the cord by adhesions. The swelling of the cord blocked the 
vertebral canal completely. The fluid escaping below the tumor site was the 
same in all its characteristics as that removed at puncture but with the admix- 
ture of red blood cells. The fluid above the site of tumor did not appear to 
be stained yellow, but it was not possible to collect any portion of this for 
examination. The patient died eight hours after operation and a necropsy was 
refused. The tumor was inoperable. 


The following case is an example of xanthochromia without the 
spontaneous coagulation which was present in Case 1. 


Case 2.—J. A. M., male, aged 27, locomotive fireman, married, first seen 
Nov. 2, 1916. 

Chief Complaint: Patient came for examination complaining of headache 
and dizziness. 

Family History.—Negative. 

Previous History—No disease of childhood. Had a gonorrheal infection at 
17 lasting about one month. Denies any specific initial lesion or any skin rash. 
Two years ago there was again an urethral discharge lasting two weeks. 
Shortly after this there was a period when he had nausea and vomiting for 
several weeks. He was observed by several physicians and was told that he 
had syphilis, but does not know on what evidence this diagnosis was made. 
He was given at this time six intravenous injections of arsphenamin at inter- 
vals of two weeks. Dosage not known. 

Habits in regard to alcohol, tobacco and eating not unusual. Patient has 
been married four years and has no children. 

Present Illness—Began in October, 1916, with convulsive seizures with 
marked jerking of the body while he was lying in bed. These convulsive move- 
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ments continued from early morning until toward noon of one day and during 
this period the efforts of the family to arouse him or get him to speak were 
unavailing. Later, he was confused and did not know what had transpired. 
Since this first attack there had been other similar ones coming on either during 
sleep or the day. Sometimes there would be slight convulsive movements which 
would initiate a prolonged period of unconsciousness, or there might be repeated 
convulsive seizures during a shorter period. Often the attack would begin with 
a jerking of the left hand, then a drawing up of the left arm. Several times 
the left half of the face was drawn up for periods of one or two hours after 
the convulsive attack. There was never any persisting facial paralysis. During 
the attacks there was incontinence of the bladder but not of the rectum. No 
speech disturbances persisted after the attacks. At first the patient persisted 
in his work between attacks, but was cautioned that such a course was very 
dangerous on account of the liability of the attack to appear while on duty, and 
stopped this work altogether. 

Several months after the beginning of these attacks, the patient was found 
to have some sensory disturbances involving touch and temperature below the 
level of the seventh dorsal vertebrae. There were also s'-rp shooting pains 
down both legs and to the bladder region. Control of the bladder was not 
certain. During all this time the patient continued to complain of headaches 
and dizziness. 

Physical Examination—Examination showed temperature, pulse and respira- 
tion normal. Patient was tall, slender and rather under weight. There were 
no skin lesions or evidences of syphilis on the mucous membranes. There were 
moderately large palpable glands in the posterior region and also in both 
inguinal spaces. Epitrochlears not palpable. Between attacks the patient 
walked without ataxia, but had a rather peculiar slow hesitating walk. There 
was no tremor. The expression was anxious, as if he felt an attack pending 
at any time. The menta! condition was clear and speech unimpaired. Throat, 
thyroid, lungs and heart did not show anything unusual. Blood pressure, 
138/72. Arteries not hard. Radial pulses equal on two sides. The pupils were 
equal, reacted to light and in accommodation. Abdomen negative. Genito- 
urinary apparatus negative. 

Examination of the nervous system showed no paralysis. There were defi- 
nite sensory disturbances over the lower abdomen, posterior and lateral aspects 
of the trunk from the level of the seventh dorsal vertebra downward. The 
left thigh was involved in this disturbance also. There was definite anesthesia 
to pin pricks in several areas, but hyperesthesia was the rule, although this 
was not fixed from day to day. Thermal anesthesia was absent. Kinesthesia 
and astereognosts not present. The abdominal reflex was absent, also the 
cremasteric. The patellars were markedly exaggerated on both sides, Babinski 
negative on both sides. 

At times following an attack, there was a slight weakening of the legs, but 
this was always transient. Kernig’s sign negative. ; 

Laboratory Examination—The urine contained large numbers of shreds 
composed of pus cells and urethral epithelium. Gonococci could not be demon- 
strated in several stained specimens. Wassermann in the blood, four plus posi- 
tive. Blood examination otherwise negative. Lumbar puncture showed a 
bright, canary yellow colored fluid not under pressure. There was a very large 
amount of globulin present, but no tendency to spontaneous coagulation, The 
lymphocytes were much increased in number varying from 78 to 140 per cmm. 
The spinal fluid Wassermann was positive in all dilutions down to 0.1 c.c. 
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Treatment—Treatment was instituted with mercurial injections, potassium 
iodid, and arsphenamin in frequent injections of 0.3 gm. There were a number 
of attacks after starting treatment, but they ceased after the third month. The 
sensory phenomena on the trunk and thigh persisted for six to eight months 
in the main, although areas of hypesthesia and hypalgesia could be demon- 
strated as long as the patient was under observation. The xanthochromia 
remained at several punctures over a period of six months. A puncture made 
fourteen months after starting treatment showed a colorless fluid, but the 
globulin was large in amount; the lymphocyte count was 94 and the Wasser- 
mann was strongly positive. The patient consented to take intraspinal treat- 
ment, but received only one injection, when he refused further measures of this 


‘kind. Improvement continued so that he could resume ordinary labor and con- 


sidered himself well. 


The diagnosis in this case was taken to be a syphilitic pachymen- 
ingitis involving the brain and cord with gummatous involvement 
exerting pressure on the cord at the level of the lower dorsal region. 
The marked effect following treatment gives weight to this opinion. 
This type of syphilitic involvement of the meninges of the cord may 
take the type of a diffuse membranous exudation. There may be 
formations of new tissue (gummatous) involving not only the meninges 
but growing into the cord tissue. Gummatous formations are found 
sometimes on the nerve roots also. The symptoms are due to pressure. 

Case 3 is an example of a yellow spinal fluid in jaundice. This is 
the type which Mestrezat calls xanthochromie d'origine icterique. 
Little attention has been paid to this type of yellow fluid because its 
origin is obvious and the absence of any special significance. Spinal 
puncture is not often done in cases with severe icterus because the 
structures concerned do not have to do with the nervous system. It 
is probable that the spinal fluid is stained in deep jaundice more than 
we believe. 


Case 3.—E. C., aged 51, male, traveling man, American, came under observa- 
tion July 18, 1919. 

Chief Complaint: Repeated attacks of jaundice during the past twenty years. 

Family History.—Negative. 

Previous History—Has always lived in northern latitudes, and has not 
traveled in the tropics. No history of malaria or dysentery. Had several 
attacks of tonsillitis in early childhood. Tonsils have not been removed. In 
1899, had an attack df so-called muscular rheumatism which prevented him 
from carrying on his work for one month, but he was not laid up in bed. 
Recovered uneventfully and has had no recurrence. Diphtheria at 25. Denies 
venereal disease. Chews tobacco to excess, and smokes cigars moderately. 
Has been a very moderate user of alcohol. 


Present Iilness—In 1904 jaundice developed without apparent cause and 
lasted six weeks. His physician did not make a definite diagnosis at that time. 
He carried on his regular work and did not feel particularly ill. The jaundice 
disappeared, but recurred in about two years under similar circumstances and 
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lasted three months. Again he was under the care of a physician, but no ade- 
quate explanation was given him for the jaundice. A third attack occurred 
about six years ago, and the last or present attack began in January, 1919. 
The jaundice has persisted since that time. At the outset of this attack and for 
several months following thére were no symptoms of which the patient com- 
plained subjectively. He was conscious of the discoloration of the skin to a 
degree which made him rather morbid, but there were no special symptoms, 
such as digestive disorders, vomiting, or passing of blood. There was no 
cough. Later in the fall of 1919 there developed slight dyspnea on exertion. 
There was no change in weight. No disturbance of urination. No chills, 
sweats, headaches or vertigo. Toward the latter part of 1919 there developed 
rather marked symptoms on the part of the nervous system. There was marked 
paresthesia over the trunk and abdomen, crawling, prickling, tingling in nature. 
These sensory phenomena became so troublesome that sleep was disturbed and 
the patient became very despondent and melancholy. He shunned the street 
on account of the attention he attracted from his deeply jaundiced state. Later 
there were shooting pains down his legs and in his back. It was on account 
of these symptoms that a spinal puncture was done. 

Physical Examination.—Patient is a medium sized man, weighing 151 (normal 
175) pounds. Temperature, from normal to 99 degrees. Pulse 80, respiration 16. 
Patient has a very restless manner and appears to be nervous and irritable. No 
palpable glands, no lesions of the skin or mucous membranes. The skin of 
the entire body is stained a very dark, greenish yellow color. The sclerae are 
also deeply stained. There is no pigmentation of the buccal mucous membranes. 
Tonsils and teeth are good. Lungs are negative. Heart is normal in size. 
Soft, blowing systolic murmur brought out after effort test. Blood pressure, 
140/70. The abdomen shows no enlarged veins. The liver is enlarged fully a 
hand’s breadth below the ribs. The margin is rather blunted, the surface is 
smooth and not tender. The spleen is moderately enlarged and slightly tender. 
No fluid in the abdominal cavity. No edema of the legs. 

Laboratory Examination—Urine: sp. gr., 1.022, deeply stained with bile 
which is present in large amounts ; albumin present in large amounts; no sugar; 
many deeply stained yellowish hyalin and granular casts; no blood or pus. 
Gastric analysis negative. Stools dark in color; no parasites or blood. Blood 
Wassermann negative. Spinal puncture showed a fluid under moderately 
increased tension, color dull brownish yellow (not the clear canary color found 
in the cases just cited), globulin present in increased amount, but not excessive, 
no spontaneous coagulation, cell count 18 per c.mm. all small lymphocytes, 
Fehling’s not reduced, blood tests negative. Wassermann negative in all 
amounts up to 2.0 c.c. 


Diagnosis—Biliary cirrhosis of unknown etiology. 


It is apparent that all types of xanthochromia indicate an organic 
disease but not necessarily of the nervous system. The presence of 
the yellow color is not in itself pathogenic, but the Froin syndrome 
is practically so. It is apparent that clinical signs otherwise are apt 
to be very definitely outlined by the time that a disease process has 


advanced far enough to produce an obstructive lesion within the 
spinal canal and the isolation of the lumbar culdesac, but whatever 


its nature, the Froin syndrome if present is confirmatory to the greatest 

















466 ARCHIVES OF INTERNAL MEDICINE 


degree. It is doubtful if the Froin syndrome ever occurs in condi- 
tions other than obstructive lesions of the spinal canal. The very 
few instances in which this syndrome has been reported in acute con- 
ditions such as tuberculous meningitis or poliomyelitis, can be 
accounted for on the assumption of an interference with the con- 
tinuity of the spinal canal from an exudative process or an extravasa- 
tion of blood. 
CONCLUSIONS 

1. There are many conditions which may cause a yellow spinal 
fluid. 

2. The great variability in the disease processes in which xantho- 
chromia has been found renders the color itself of no diagnostic 
value. 

3. A yellow fluid is always diagnostic of an organic lesion or infec- 
tious process with the exception of those cases in which serum has 
been injected intraspinously. . 

4. The presence of the Froin syndrome is pathognomonic of an 
obstructive type of spinal lesion. 
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A STUDY OF THE CORRELATION OF THE BASAL. 
METABOLISM AND PULSE RATE IN PATIENTS 
WITH HYPERTHYROIDISM * 


CYRUS C. STURGIS, M.D, ann EDNA H. TOMPKINS 


BOSTON 


Since the first description of the syndrome known as hyperthyroid- 
ism, tachycardia has been noted as one of its classical signs, and until 
more recent years a careful study of the pulse rate was regarded 
as probably the most valuable single objective test from the standpoint 
of diagnosis, and as an indication of the severity and course of the 
disease. More recently it has been held that the determination of 
the basal metabolism gives a more accurate estimate of the degree of 
hyperthyroidism than has hitherto been possible. An intensive study of 
the basal metabolism in hyperthyroidism is being carried on at the 
Peter Bent Brigham Hospital, and it seemed worth while as.an incident 
in this to attempt to correlate the changes in pulse rate with basal 
metabolism. If a fairly definite and constant relationship exists 
between the two, one then would have the means of roughly estimating 
the height of the basal metabolism. This would be of value as the actual 
determination of the basal metabolism is somewhat complicated and 
not available to many patients with hyperthyroidism. DuBois has also 
suggested that a study of a large series of patients with exophthalmic 
goiter to ascertain the relationship between the elevated metabolism 
and the more prominent symptoms and signs of the disease would be 
of importance. 

It is known that certain symptoms and signs of hyperthyroidism, 
such as tachycardia, loss of weight, warmth of skin and sweating, are 
directly referable to the increased heat production, either entirely 
or in part, and hence they are indirectly a measure of the presence or 
absence of increased metabolism, and roughly the degree of increase. 
With an increase in’ metabolism there is a greater demand for oxygen 
by the body cells. This demand is met by increasing the amount of 
air breathed per minute and by circulatory changes which augment 
the blood flow. The increase in heart rate may be regarded as one 
of the compensatory factors which permits a larger amount of oxygen 
to be delivered to the body cells. Hence, theoretically, it would be 
expected that an increase in metabolism would be constantly asso- 
ciated with a tachycardia, provided certain complicating factors, as for 
instance, heart block, were not present. Of the signs directly referable 


*From the Medical Clinic of the Peter Bent Brigham Hospital. 
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to the increased heat production, the most simply and easily determined 
is the pulse rate and, therefore, a series of patients with hyperthyroid- 
ism and increased metabolism have been studied in order to ascertain 
the precise relation of the pulse rate to the increased heat production, 
and also to determine the value of the pulse rate as an indication of the 
presence or absence of hyperthyroidism and as a guide to the degree of 
over-activity of the thyroid gland. 


LITERATURE 


Benedict and Murchhauser* emphasized the fact that there is an 
apparent striking relationship between metabolism and pulse rate in 
normal subjects. They made observations before and after a light 
meal, during sleep and while awake, and after changing from the 
lying position to a sitting position, and noted that with the resultant 
percentage increase in metabolism there was a simultaneous and cor- 
responding increase in the pulse rate, indicating a quantitative relation- 
ship. In their experience there was no such relationship in a com- 
parison of different persons; hence, the relationship between pulse 
rate and metabolism holds only when the records are obtained from 
a single individual. DuBois? commented on the correlation between 
the heart rate and basal metabolism in patients with exophthalmic 
goiter, and thought the rapidity of the heart action to be the best 
guide of the simpler objective tests in determining the severity of the 
disease and its course. He did not believe it to be an altogether 
accurate index of the patient’s condition as the heart might be affected 
by other conditions than hyperthyroidism and damage to the heart 
might outlast other symptoms. 

Means and Aub,’ in a study of the basal metabolism in exophthalmic 
goiter, noted a close parallelism between the pulse rate and metabolism 
in about 60 per cent. of the cases, while in the remainder there was 
a certain amount of parallelism. They concluded, as Benedict and 
Murchhauser emphasized in normal subjects, that there is little rela- 
tionship between the heart rate and metabolism in different individuals, 
but in a single individual the resting pulse rate-is a tolerably good 
index of the patient’s progress. 

White and Aub* studied the electrocardiogram in forty-seven 
patients with exophthalmic goiter and concluded that there was only 


1. Benedict, F. G., and Murchhauser, H.: Energy Transformations During 
Horizontal Walking, Carnegie Institution of Washington, Publication 231. 

2. DuBois, E. F.: Metabolism in Exophthalmic Goiter, Arch. Int. Med. 17: 
915 (Dec.) 1916. 

3. Means, J. H., and Aub, J. C.: The Basal Metabolism in Exophthalmic 
Goiter, Arch. Int. Med. 24:645 (Nov.) 1919. 

4. White, P. D., and Aub, J. C.: The Electrocardiogram in Thyroid Disease, 
Arch. Int. Med. 22:766 (Dec.) 1918. 
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a moderate parallelism between the degree of tachycardia and the basal 
metabolism increase. 

Peabody, Wearn and Tompkins ° found the basal metabolism to be 
normal in soldiers with “irritable heart” and observed that while these 
patients often have a marked tachycardia when under a mental or 
physical strain, it differed from the tachycardia of hyperthyroidism 
as it disappeared if the patient was permitted to lie down for a 
short period. 

MATERIAL 


The observations on the metabolism and pulse which form the 
basis of this report were made at the Peter Bent Brigham Hospital 
between the years of 1914 and 1920. In the ninety-nine patients with 
hyperthyroidism who have been studied, the metabolism was elevated 
when they were first observed. In a majority the metabolism has 
later become lower as a result of thyroidectomy, ligation of the thyroid 
arteries, or a combination of the two, or as a result of rest and in a 
few instances following exposure to the roentgen rays. In these 
patients, then, the relationship between the pulse rate and metabolism 
has been studied at intervals during the course of the disease. Teo 
form a comparison with our own results a series of metabolism studies 
and pulse rates have been analyzed, from the report of Means and Aub. 


METHOD 


The method used in all metabolism determinations were standard 
ones and need be described only briefly. After the patient had been 
fasting for from twelve to fourteen hours, and at a time when the 
resting pulse had reached’ its lowest level, a facemask was applied 
and the expired air was collected in a 100 liter modified Tissot spirome- 
ter. Analysis of the expired air was then done with a portable Haldane 
gas analysis apparatus. The heat production in calories per square 
meter per hour was then computed and compared with the normal 
standards of DuBois, and the result expressed in percentage of normal. 
During the metabolism determinations the pulse was counted six to 
nine times, and the average of these counts have been taken as the 
pulse rate in this report. While +-10 per cent. has been given as the 
upper limit of normal of metabolism, a great deal of importance 
cannot be attached to slight increases over this and hence in this study 
the upper limit has been placed at +15 per cent. 

In order to be of value the pulse rate in patients with hyperthy- 
roidism must be taken with considerable care. The pulse should be 


5. Peabody, F. W.; Wearn, J. T., and Tompkins, E. H.: The Basal Metab- 
olism in Case of “Irritable Heart” of Soldiers, M. Clinics N. America 2:507 
(Sept.) 1918. 
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determined when the patient is lying flat in bed and when there is 
mental quiet. The rate should be counted at five-minute intervals for 
half an hour or until the pulse has reached a level. Probably the 
most desirable procedure is to count the pulse while the patient is 
asleep, as this has the advantage of greatly reducing psychic stimuli, 
which are one great source of error. Recently this has been carried 
out with considerable success at the Peter Bent Brigham Hospital, but 
it is not possible in all cases. 
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Fig. 1—Two hundred and thirty-eight observations charted according to 
pulse rate and basal metabolism. All of the dots in the upper right square 
indicate the observations with a metabolism greater than + 15 per cent. and 
pulse 90 per minute or greater; in the left upper square are those with metab- 
olism greater than + 15 per cent. but pulse below 90; in the right lower square 
are those with a metabolism below 15 per cent. but pulse greater than 90, 
and in the left lower square are those with a metabolism below +15 per 
cent. and pulse below 90. It is apparent that a composite curve of all the dots 
would indicate the general tendency of the tachycardia to be more marked in 
patients with a high metabolism and of a less degree in those with a low 
metabolism. 
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THE PULSE RATE IN PATIENTS WITH A NORMAL 
BASAL METABOLISM 


In order to determine the frequency of a tachycardia while at rest, 
the pulse rate was studied in a series of 106 patients with a normal 
metabolism. Fifty-four of these patients were observed at the U. 5. 
Army Hospital No. 9, by Peabody, Wearn and Tompkins, and in 
each instance the final diagnosis was “irritable heart,” although in 
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Figure 2 


twenty-six cases the transfer diagnosis was hyperthyroidism. In only 
two cases was the pulse rate above 90 and in only eight was it above 
80, although in such persons there is a tendency to a marked tachy- 
| cardia, reaching 120 or 130 on slight mental or physical strain. As 
has been emphasized, the fall of the rapid heart action to normal 
when at complete rest is very helpful in indicating that the metabolism 
is not elevated, and that these patients did not have hyperthyroidism. 
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The remaining fifty-two hospital patients with normal basal metabolism 
had various diagnoses, but those conditions were excluded which in 
themselves tend to give a tachycardia, as, for instance, organic heart 
disorders. In the total of 106 patients with a normal metabolism, only 
five had a pulse of 90 or over when at rest. In only one instance 
was the rate greater than 100. It is difficult to state just what the 
normal heart rate should be in a perfectly healthy person. It has 
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Figure 3 


been found that athletes in Oxford had rates which may be con- 
sidered normal that range between 44 and 80 per minute. In a study 
of medical students at Cambridge the range was between 47 and 90.° 
It seems safe to say, however, that, provided other conditions are 
ruled out which in themselves cause a tachycardia, persons with a 


6. Air Service Medical, War Dept., Air Service, Washington, D. C., 1919, 
p. 147. 
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normal metabolism rarely have a resting pulse rate as rapid as 90 to ! 
the minute, and in a majority the rate is below 80. 


PRESENTATION OF DATA 


A total of 496 basal metabolism determinations on ninety-nine 
patients with hyperthyroidism from the Peter Bent Brigham Hospital | 
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Figure 4 


Figures 2, 3 and 4 illustrate the parallelism between the basal metabolism 
and pulse rate as shown by a series of observations on nine patients with 
exophthalmic goiter. The pulse and metabolism have both been. charted in 
per cent. of normal, the normal pulse having been considered 70 per minute. 


and fifty-five patients as reported in the paper by Means and Aub, 
have been studied. In 426 instances there was a basal metabolism of 
+15 per cent. or greater, while in seventy the metabolism was below 
+15 per cent. The latter group was made up of patients included in 
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the former group where metabolism studies had previously shown an 
increase, but subsequently there had been a decrease to below +15 
per cent. 

Of the 426 determinations with a basal metabolism elevated above 
+15 per cent., the resting pulse rate was 90 per minute or more in 
84 per cent., 85 or more in 91 per cent., and 80 or more in 95 per 
cent. Or in other words, there was a tachycardia of 90 or greater 
associated with the increased metabolism in all except 16 per cent., 
and in all but 5 per cent. the pulse was above 80. Judging from 
these figures, then, it seems fair to conclude that in a majority of 
patients with hyperthyroidism, or in those in whom the diagnosis 
is in doubt, a-persistent heart rate of 90 or over when the patient is 
at rest indicates an increased metabolism, provided other obvious causes 
for the tachycardia can be eliminated. 

Of the seventy instances where the metabolism had been elevated 


but later fell below +15 per cent. there was a simultaneous fall in 


the pulse rate below 90 in 78 per cent. Hence, a resting pulse below 
90 per minute indicates in a large percentage of patients with hyper- 
thyroidism that the metabolism is not increased, and as the heart rate 
shows a greater decrease it suggests this still more definitely. The 
fact that one rarely observes an increased metabolism with a normal 
or slow ffulse is of considerable practical importance and the value 
of this relationship is not appreciated by magy. A resting pulse below 
90 per minute, usually means that the metabolism is normal, and a 
slower pulse, as, for instance, 70 per minute, almost certainly indi- 
cates a normal metabolism. This fact is of practical importance in 
the recognition of the large group of nervous patients who have signs 
and symptoms similar to those in hyperthyroidism. In some cases 
the metabolism falls to normal, but the pulse rate does not drop to 
below 90 per minute, and it is possible that this is due to the fact 
that the heart has become seriously affected. 

Probably the most accurate interrelation between the pulse rate 
and the amount of heat production is to be found during the course of 
the disease in any one patient. In a series of fifty-two patients with 
hyperthyroidism, on whom two or more metabolism observations had 
been made, changes in the pulse gave an accurate idea of those in the 
heat production in the subsequent observations in 85 per cent. of the 
cases. The heart rate remained at a constant level if the metabolism 
was unchanged and indicated fairly accurately the degree of rise or 
fall in metabolism if such occurred. Hence, in following the course 
of the disease in a patient with hyperthyroidism the resting pulse rate 
compares very favorably with the basal metabolism as an index of the 
patient’s condition. 
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The series of 238 metabolism observations from this hospital 
were arranged according to the degree of tachycardia to see 
if in a group of patients there was a relationship between the 
level of heat production and the rapidity of the heart. It is hardly 
to be expected that a given heart rate would always correspond to the 
same elevation of metabolism in different persons, because of the 
variations of the normal pulse rate in different individuals. In spite 
of this, however, there is a suggestive or partial interrelation between 
the increase of the pulse rate and metabolism, not only in a given 
person, but also in a group. Thus, where a considerable number of P 
observations are considered one finds that the average pulse rate 
bears a fairly definite relationship to the metabolism. For instance, 
in all observations with a pulse rate between 90 and 99, the average 
basal metabolism of the group was -+-36 per cent., while in those with a 
rate between 100 and 109 the average was +41 per cent., and in 
those with a rate between 110 and 119 the metabolism was +59 per 
cent. There are, however, many individual discrepancies. These occur 


particularly in a group of cases in which the metabolism is greatly 
elevated, and the pulse rate relatively slow. Nevertheless, one may 
usually expect a marked tachycardia associated with a high metabolism 
and conversely a relatively slow pulse with a metabolism that is nor- 


mal or moderately elevated. 


STUDY OF PATIENTS WITH A RELATIVELY SLOW PULSE AND 
ELEVATED BASAL METABOLISM 

A careful study has been made in an endeavor to discover a cause 
for the occasional low pulse associated with the increased heat pro- 
duction, and to classify these causes into groups. In a majority of 
cases this has not been possible. Patients with auricular fibrillation and 
heart block, however, can account for a discrepancy in a certain num- 
ber of instances. Auricular fibrillation is not an uncommon form of 
arrhythmia in hyperthyroidism, while either complete or partial heart 
block is met with infrequently. Of the series of forty-three determi- 
nations with an increased metabolism and a pulse below 90 to the 
minute there were seven determinations on four patients with auricular 
fibrillation, and one with partial heart block. The remaining patients of 
this group gave no clinical evidence of an arrhythmia, but in only two 
were electrocardiograms taken. 

In three patients the slow pulse with an elevated metabolism may 
possibly be explained by the fact that normally the individuals had 
an unusually slow pulse. In these three individuals when the metabol- 
ism returned to normal the pulse rate fell in one instance to 57, in 
another to 52, and in a third to 55. Had it been possible to observe 
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the other patients of this group when their metabolism became nor- 
mal, likewise their pulse rate at this time might have been abnor- 
mally low. , 

There then remains a majority of this group where there is no dis- 
coverable cause of the discrepancy between pulse rate and metabolism. 


SUMMARY 


A study of the resting pulse rate and basal metabolism in hyper- 
thyroidism shows that there is a fairly constant relationship between 
the two in a high percentage of instances. In a study of 496 basal 
metabolism determinations on 154 patients with hyperthyroidism, there 
was a tachycardia of 90 or more to the minute, associated with a basal 
metabolism of +15 per cent. or more in all but 16 per cent. In seventy 
instances when the metabolism fell to normal there was a simultaneous 
fall in pulse rate in 78 per cent. to below 90. In fifty-two patients 
on whom a number of metabolism determinations were made, the 
pulse rate gave an accurate idea of the course of the disease as com- 
pared to the basal metabolism in 85 per cent. In a series of 106 hos- 
pital patients with various diagnoses and normal basal metabolism 
only five had a heart rate of 90 or more to the minute. There is 
in general an interrelationship between the pulse rate and metabolism 
when a group of individuals are considered ; that is, an extreme degree 


of tachycardia suggests a greatly increased metabolism while a slight 
tachycardia usually indicates a slight or moderate increase. The fact 
that a pulse rate at complete rest below 90 per minute is seldom and 
below 80 per minute is rarely associated with an increase in metabolism 
is of practical importance in the recognition of the large group of 
nervous patients who have symptoms similar to those occurring in 
hyperthyroidism. 





NEURITIS OF THE CRANIAL NERVES IN LETHARGIC 
ENCEPHALITIS AND THE DIFFERENTIAL ANA- 
TOMIC DIAGNOSIS BETWEEN IT AND 
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In looking over the literature of the histology of lethargic enceph- 
alitis which has accumulated during the last few years, it was of 
interest to note that no one has made mention of the inflammatory 
changes which may occur in the cranial nerves in these cases. Since 
this fact may be of importance in clearing up and explaining many of 
the clinical symptoms, in subsequently giving aid for the solution 
of the etiology of this affection and in differentiating it pathologically 
from acute poliomyelitis, it became of interest to study more care- 
fully the material obtained from the necropsies made in three cases 
and to report the findings with abstracts of the clinical histories. 
These cases were treated and died in the Barnes Hospital, and the 
abstracts of the clinical histories reported in this paper are taken 
from the histories which are filed there. 


REPORT OF CASES 


Case 1.—J. H. T., male, negro, aged 46 years, chauffeur, was admitted to 
the hospital, Feb. 14,.1919, in the service of Dr. George Dock. The patient 
complained of a general run down condition and failing eyesight. The family 
history was not important. 

Past History—His past history has also been uneventful. He does not 
remember ever having been sick before the present illness. He denies syphilis 
and gonorrhea and gives no history which would indicate his having had the 
same. He has followed the profession of chauffeur for the last twelve years. He 
has never married. He eats regularly and drinks two or three glasses of 
whisky, 2 or 3 pints of beer and 1 cup of coffee a day but he takes no tea 
or drugs. 

Present Iliness—This commenced three weeks ago. The first symptom was 
weakness of vision. This bothered him in driving a car. A physician was 
consulted who told him he was losing his eyesight and gave him an eyewash. 
He has had no headache and he has not had complete loss of vision at any time. 

His appetite is good. He has had no fever, chills, pain of any kind, 
nausea or vomiting, but during the whole of the last month his bowels have 
moved but once a week. There has been no loss of weight, no cough, no 
urinary symptoms. Aside from the changes in vision his only complaint is 
weakness. He feels tired all the time and wants to lie down and when he 
does he always falls asleep. During the last week he has slept excessively. 


*From the pathological laboratory of the Washington University School 
of Medicine. 
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There has been no loss in motor power, no yawning. His memory is good, 
and he has had no ringing in his ears, no dysphagia, no vomiting, no sub- 
jective sensation. It has been noticed recently, however, that he hesitates 
before answering questions and he says he has double vision. 

A physician who knows him states that he recently developed a corneal 
scar in the left eye. This was noticed first by him about February 3 or 4. 
This physician also says that during the last month he has had four auto- 
mobile accidents and all were on the left side. They were ascribed to defective 
vision of the left eye caused by the scar. He also complained ten days ago 
to this physician of pain in his left leg. His leukocyte count at that time was 
5.700. There was no abdominal rigidity and no deep tenderness. The pain 
moved later to the right sacro-iliac region, and disappeared entirely when the 
patient was put to hed. 

Always in the past the patient answered questions quickly and promptly 
The first indication of altered speech began February 9. It was also noticed 
at that time that he tilted his head forward and to the left. He has been 
in bed most of the time recently. No abnormalities of gait have been noticed 

Physical Examination on Admission—The patient is lying quietly in bed. 
He seems oriented, but answers questions slowly. He knows his name, age, 
day of the week but not the date of the month. He says Christmas was two 
months ago but stutters when he says it. His speech is thick and he stares 
straight ahead but does not complain of pain. In fact, he says he feels fine. 
His eyes do not move when he speaks. The eyelids move occasionally. His 
head is also held fixed. The skin of the face is greasy. He says he has put 
nothing on it. The skin in other parts of the body is smooth, moist and 
elastic but slightly hyperesthetic. The panniculus is thick. The muscles are 
large and firm. 

Head: The face is expressionless. The lips are open 2 mm. Part of the 
hair is gray. The eyes move well to the right but poorly to the left. One 
mm. of sclera always shows on the left side. Upward movements are limited 
to 2 mm. He cannot move his eyes downward. Both upward oblique move- 
ments are present to a slight extent. Downward oblique movements are made 
readily. Both eyes move synchronously. There is slight nystagmus in the 
vertical direction and slight internal strabismus of the left eye but no con- 
vergence. 

Nose: It is red and dry. The septum is deviated to the right and there is 
a polyp in the posterior nares on the right side. 

Mouth: The tongue protrudes in the midline and has a median coarse 
tremor. It is pointed, gray and coated. There is a marked pyorrhea alveolaris. 
There is a slight reflex response to touching the pharyngeal wall. The tonsils 
are on a level with the fauces and reddened. The voice is hoarse. The larynx 
is not examined. , 

Ears: The right drum looks red. The left is retracted. There is no 
discharge. : 

Neck: There are no palpable nodes. The thyroid is not enlarged. The 
jugular pulsation is marked. 

Chest: It is large. The clavicles are prominent. The respiratory move- 
ments are shallow. They are 22 per minute, and costo-abdominal in type. 
They lag slightly on the left. The percussion note is resonant, except at the 
left apex. The breath sounds are weak throughout but louder at the left 
apex. There are no rales heard in front. The spoken voice sounds are well 
transmitted. Behind the breath sounds are heard only at the left apex and 
there are showers of very fine crepitant rales heard over the right lower lobe. 

Heart: The cardiac dulness is 12 cm. to the left and 3 cm. to the right 
of the midsternal line. There are no murmurs. The aortic second sound has 
a slightly ringing quality. The walls of the radial arteries are thickened. The 
pulse is 100 per minute. The blood pressure is 154/112 on the right side and 
150/112 on the left. 
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Abdomen: The liver, spleen and kidneys cannot be felt. The level of the 
abdomen is below the costal margin. It is soft throughout and there are no 
areas of tenderness. The epigastric and lower abdominal reflexes are absent. 
The midabdominal reflexes are occasionally present on both sides. 

Upper Extremities: The reflexes on the right side are slightly more active 
than on the left side. The periosteal, biceps and triceps reflexes are elicited 
on both sides. The digital reflexes are absent. The epitrochlear glands are 
not palpable. The skin of the hands is dry. There is no limitation of motion. 
The fingers are held in a claw-like position. This changes during examination. 
Resistance is given to any passive movements of the arms or hands. 

Lower Extremities: The knee kicks are equal and active. The response 
varies at times. There is no patellar or ankle clonus, Oppenheim, Gordon or 
Chaddock’s sign. The skin of the feet is dry. The cremasteric reflexes are 
equal and active. The right responds more quickly than the left. The skin 
over the edge of the right tibia is roughened. 

During the examination the patient holds his neck rigidly, and when told 
to raise his body he cannot do it. With help he raises his trunk but always 
holds his neck in the same rigid position. His movements are slow. He 
gets out of bed slowly and carefully without at any time moving his head 
sideways. 

Gait: He walks slowly. His body tends to fall to the right and his 
head is held over to the right side. His gait is slightly spastic and there is 
no wide base. His steps are short and shuffling and there are indications of 
definite weakness. Romberg’s sign is negative. Heel to knee and midthigh 
movements are good. There are no Kernig or Babinski signs. 

Genito-Urinary System: The testicles are negative, and there are no 
penile scars. 

Rectum: The sphincter tone is good. The prostate is enlarged, roughened 
and slightly tender. There are no definite nodules. 

Eye Grounds: Both lids are red. Their edges are distinct. There is no 
choking of the disks. The lamina cribrosa markings are perfectly clear. There 
are no hemorrhages or tubercles. The media are clear. The vessels of both 
eyes are tortuous, but this is more marked in the right eye than in the left 

Clinical Course-—February 17, three days after admission, the right eye 
shows upward deviation. The left rotates inward. A lumbar puncture is 
made. Arsphenamin, 0.3 gm., is given, but there is no immediate reaction. 

February 19: The patient is more drowsy. The rigidity is as before. The 
pulse is rapid. 

February 21: Kernig is marked. The respirations are shallow, 38 per 
minute. The pulse is 140. The diagnosis of encephalitis lethargica is 
suggested. 

February 23: A stereoscopic roentgenogram of the skull is reported nega- 
tive. The patient dies at 5:45 p. m. 

The pulse during his stay in the hospital ranged between 100 and 150. The 
temperature on admission was normal. It rose gradually to 102 F. and it 
was 103 F. just before death. 

Laboratory Findings—Urine: No albumin, sugar or casts were ever found. 
A few red blood cells were seen once. 

Blood: February 17, the blood nitrogen measured 62.35. February 15, 
there were 7,000 leukocytes. February 22, there were 10,700 leukocytes, the 
differential count showing 76 per cent. polymorphonuclear leukocytes. 

Lumbar Punctures: The first was made February 17. A small amount of 
blood was seen in the first part. The remainder was clear. The Ross-Jones 
test was positive. Fehling’s test was negative. The cell count was 39 lympho- 
cytes, 1 polymorphonuclear leukocyte and possibly 1 red cell per c.mm. 

The second lumbar puncture was made February 23. The fluid was clear 
and contained 52 lymphocytes, 2 polymorphonuclear leukocytes per c.mm. 
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Fehling’s test was positive. Smears were made from centrifuged specimen and 
stained for tubercle bacilli. These were negative and inoculation of the same 
material to guinea-pigs gave no result. 

The sputum was always negative. 

The Wassermann tests on blood and spinal fluid were negative. Comple- 
ment fixation for tubercle bacilli was negative. The colloidal gold reaction 
was in the luetic zone. 

Clinical Diagnosis. — Arteriosclerosis, general; meningitis (?); lethargic 
encephalitis (?). 

The necropsy was performed two days after death by Dr. Hans P. Andersen 
The brain was studied by him and myself. The body was kept in the morgue 
at a temperature of 4 C. during the period between the time of death and the 
necropsy. 

Necropsy Report.——The body is that of a well nourished, muscular, male 
negro. It weighs 56.5 kilos and measures 172 cm. in length. The skin shows 
no marks or discolorations. The body cavities are smooth, moist and glisten- 
ing. They contain no excess of fluid. 

Heart: Weight, 400 gm. The valves measure as follows: Aortic, 9.5 cm.; 
mitral, 11 cm.; pulmonary, 7.5 cm.; tricuspid, 13 cm. The muscular portion of 
the wall of the left ventricle measures 15 mm.; the right, 4 mm. The myo- 
cardium shows no changes. There are many irregular yellow placques in the 
intima of the aorta, along the bases of the mitral and aortic valves and in 
the endocardium of a part of the left atrium. These placques are thicker and 
more fibrous about the orifices of the coronary arteries. The heart otherwise 
shows nothing of interest. Atheromatous changes are seen throughout the 
whole course of the aorta. The aorta has little elasticity and the atheromatous 
changes are most marked about the orifices of the branches and in its abdom- 
inal portion. The coronary ‘arteries and many of the other branches of the 
aorta also show changes of a similar character. 

Lungs: They are free in the pleural cavities. Their surfaces are smooth. 
Their upper lobes have a pink color while the more dependent portions are 
colored a deep purple mottled by numerous bluish red subpleural hemorrhages. 
On section the dependent portions have the same deep purple color while the 
anterior portions of the upper lobes are bright red. These portions of the 
upper lobes are air containing and they are tough and leathery while from 
all other portions a bloody, frothy fluid can be expressed. 

Spleen: Weight, 60 gm. and measures 10.5 by 6 by 2 cm. The capsule 
has a slaty color. The organ is soft and flabby. On section, there is a marked 
increase in connective tissue. The malpighian corpuscles are not prominent 
‘and the pulp is increased. 

Liver: Weight, 1,640 gm. and measures 32 by 17.5 by 6 cm. It is long in 
the transverse diameter but thin anterioposteriorly. The capsule is smooth, 
thin and translucent and it transmits a dark brown color. On section, the 
lobules are easily made out They appear slightly enlarged. Their centers 
are deep red in color. Their peripheries have a grayish yellow appearance. 

Pancreas: It shows nothing unusual, except that the walls of the splenic 
artery and the pancreatic arteries are irregularly thickened. 

Stomach: The mucosa is congested and in places, hypertrophic and mam- 
millated. 

Intestines: Show nothing of interest except the duodenum and upper part 
of the jejunum. Here the mucosa appears swollen and it is deeply congested. 
The mesentery contains a moderate amount of fat. The mesenteric lymph glands 
are not enlarged. The retroperitoneal lymph glands are also not enlarged. 

Suprarenals: Appear normal. 

Kidneys: Weigh together 360 gm. They are equal in size, each measur- 
ing 11.5 by 6 by 3cm. The cortices each measure 6mm. The capsules are slightly 
adherent in places to large, slightly sunken, scarred areas. On section, the 
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medullae are found to be congested. The glomeruli are also easily seen as 
small red pin point sized areas. The outer edges of the cortices of both kidneys 
are slightly rounded. The striations of the cortices are straight except in the 
scarred area. The gray columns appear thickened. 

The ureters and bladder appear normal. 

The prostate is enlarged, otherwise it shows nothing of interest. The 
enlarged middle lobe causes no urethral obstruction. 

Brain and Spinal Cord: The dura is adherent to the cranial bones above. 
The meninges of both the cord and brain are deeply congested and there is 
edema of the meninges of the cerebral cortex. There are also several small, 
irregular, gray fibrous patches in the meninges of the cerebrum. The walls 
of all the larger blood vessels are thickened and rigid. They also contain 
numerous yellow and gray elevated placques which measure from one to several 
mm. across. Between these placques the vessel walls have a slightly grayish 
opacity. 

The cut surfaces of the spinal cord and medulla are smooth. There is 
no bulging out of the medullary substance. It is congested but not tensely 
swollen. 

The meninges covering the anterior surface of the pons and midbrain are 
slightly cloudy. This is not striking but it is readily brought out by con- 
trasting them with a normal brain. 

The brain and spinal cord are placed in liquor formaldehydi to be examined 
in greater detail after fixation. 

Microscopic Examination—Heart: The striations are not clearly defined. 
The fibers are granular and fragmented. 

Lungs: Section 1. The atrial cavities are dilated. The blood vessels are 
congested. The alveoli and atria contain a small amount of pink staining 
granular material. Red cells are also seen in the alveoli along one side of 
the section together with a few large pigment laden mononuclear cells. The 
pigment in these cells has a brown color. The bronchial epithelium is in part 
desquamated. 

Section 2. The blood vessels are congested. Many of the alveoli are filled 
with pink staining granular material. Others contain also many polymorpho- 
nuclear leukocytes and large mononuclear cells. The nuclei of the epithelial 
lining cells are prominent. 

Spleen: The artery walls are thickened and hyaline. The trabeculae are 
thickened and fibrous. The malpighian corpuscles are numerous, small and 
cellular. In places they are sharply demarcated from the pulp spaces. In 
other places their boundaries are not so distinct. The endothelial nuclei of 
the pulp spaces are numerous and prominent. The pulp spaces contain a 
few polymorphonuclear cells and many small mononuclear cells in excess. 

Liver: The parenchymal cells are swollen and granular. The intima of 
the smaller hepatic arteries is irregularly thickened and fibrous. The liver 
capsule is slightly thickened and fibrous. There is no increase in the peri- 
portal fibrous tissue or any cellular infiltration of the interstitial tissue or 
capsule. 

Pancreas: The parenchyma shows postmortem changes. The interlobular 
connective tissue, although not noticeably increased, contains in places a few 
lymphoid and polyblastic cells. The intima of a few of the arteries shows 
nodular fibrous thickenings. 

Suprarenals: The blood vessels appear normal. The medulla shows post- 
mortem changes. 

Kidney: The intima of the larger and medium sized vessels is irregularly 
thickened and fibrous. There are a few small atrophic scars in the cortex. 
The capsules of a few of the glomeruli are thickened and in others there are 
well formed fibrous crescents. Many of these are in the glomeruli which are 
included in the scars mentioned above. A number of these scars are infil- 
trated with small mononuclear cells and contain many atrophic tubules. In 
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the cortex one also sees many small areas infiltrated with small mononuclear 
cells. Completely obliterated arterioles are seen near a few of the scars. 
In the normal appearing portion of the cortex a few of the glomeruli are very 
large. The tubules show no hypertrophy. The cells lining the secreting tubules 
are swollen and granular. 


Further Study of the Brain and Spinal Cord.—After two and one-half weeks 
in 10 per cent. liquor formaldehydi the brain was removed. A transverse sec- 
tion through the midbrain above the level of the third nerve separated the 
cerebrum from the lower portions of the brain. Cross sections of the cerebrum, 
1.5 cm. in thickness, were then made. 

The brain was well fixed throughout and aside from the slight edema of 
the cortex, slight dilatation of the ventricles, the evident arteriosclerosis and 
slight local atrophy of the gray matter of the cortex nothing unusual was 
discernible. 

Sections for microscopic study were taken from the various portions of 
the cortex and the basal nuclei. Similar sections of the first and second nerves 
were also made. 

Transverse sections were likewise made of the midbrain, pons, cerebellum, 
the medulla and from various parts of the spinal cord. Blocks of tissue were 
taken from all of these parts. They were carefully labeled, embedded, sec- 
tioned and stained. Each cranial nerve was removed into a separate bottle 
and was also sectioned and stained. All the sections were stained with 
hematoxylin and eosin. 

Section 1 is taken from the cortex of the frontal lobe: There are a few small 
clumps of well preserved red cells in the subarachnoid space. Together with 
these there are scattered and small clusters of small mononuclear cells. These 
have the appearance of lymphocytes. There is no evidence of degeneration of 
the nerve cells or fibers in the gray or white matter. The perivascular spaces 
in the white matter are dilated and two contain a few small mononuclear 
cells like those in the meninges. The infiltration of the perivascular spaces and 
subarachnoid space is not marked, however, in this section. The blood vessels 
are all congested. 

Section 2 is from the edge of the lateral ventricle in the occipital lobe: The 
perivascular spaces are distended. They contain fine pink staining granular 
material and in places a few small mononuclear cells. One contains a few 
polymorphonuclear leukocytes. About these perivascular spaces within the 
brain substances are a few round uniformly blue staining bodies, so-called 
myelin bodies. There is little evidence of proliferation of the endothelial lining 
cells of the perivascular spaces in either of these sections. The endothelial cells 
are flattened. Their nuclei are widely separated and vesicular. 

Section 3 is through the velum interpositum: The nerve cells show little 
change of interest. Along the edge of the ventricle there are a few blue 
staining myelin bodies within the brain substance. The blood vessels are 
congested. The perivascular spaces are distended. Many of these are empty 
and there is no evidence of proliferation of their endothelial lining. A few, 
however, contain a small amount of pink granular material and others a few 
small mononuclear cells. Along the edge of the ventricle there are patches 
of edema. These patches are thickened and appear as small hillocks along 
the ventricle wall. The epithelial covering of the ventricle is absent over 
these hillocks. 

Section 4 is through the cortex of the temporal lobe so as to include the main 
stem of the middle meningeal artery: There is marked fibrous and hyalin 
thickening of the intima of one side of this vessel. This thickening partially 
occludes the lumen. Under the pia mater and within the brain substance 
there are large numbers of the blue staining myelin bodies. The perivascular 
spaces are dilated and empty and there is no evidence of proliferation of the 
endothelial cells lining them. 
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Section 5 passes through the middle part of the ventricle and includes a 
considerable portion of the wall on each side. Under the pia covering of a 
part of the section there are many blue staining myelin bodies. The epi- 
thelium lining the ventricles is everywhere intact. The perivascular spaces 
are only partially distended, but the larger number are filled with small mono- 
nuclear cells (Fig. 1). Those containing a few of these cells are seen to be 
lined by a closely set row of low cuboidal shaped endothelial cells each of 
which has a sharply staining spherical shaped vesicular nucleus. A_ few 
of these endothelial cells are seen to be desquamating from this membrane 
into the space. The cells in the perivascular spaces are small and look 
very much like the endothelial cells proliferating along the wall of the 
space. They have a small and distinct mass of pink staining cytoplasm. The 
nucleus is vesicular and rich in chromatin. The brain substance of the whole 
section is definitely edematous, and there are patches where a few of the pink 

















Fig. 1—Section of the midbrain showing perivascular infiltration (Case 1). 


staining axis cylinders are seen to be fragmented and curled. The nerve sheaths 
are filled with pink staining granular material. The nerve cells in many 
places are shrunken. The cytoplasm of all of them is pink and granular. 
Their nuclei are often irregular in shape and poorly defined from the cytoplasm 
about them. 

Section 6 is from the brain stem at the level of the midpart of the pons: 
The perivascular spaces are everywhere distended. A few are empty. Others 
are filled with small and medium sized mononuclear cells. Very definite pro- 
liferation of the endothelium lining many of these spaces is discernible. In 
many places the nerve cells show degenerative changes like those in Section 5; 
in other places they do not. Their nuclei stain sharply and they are vesicular 
The cytoplasm of all these cells appears to be slightly granular. 

Section 7 is cut across the medulla. The changes are the same as those 
seen in the pons but they are not so extensive nor clearly defined. The 
process is apparently receding at this level. 
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Section 8 is a cross-section of the cervical cord. The subarachnoid space 
contains a few lymphoid-like cells. The endothelial lining cells show little evi- 
dence of proliferation. Many of the perivascular spaces are distended slightly 
and one or two in the anterior horn show endothelial hyperplasia and they 
contain a few small mononuclear cells. The brain tissue is not definitely 
edematous but the nerve cells show evidence of early degenerative changes 
like those in tne pons and medulla. 

Section 9 is taken from the middle part of the thoracic part of the spinal 
cord. Section 10 is from the lumbar region. Both these sections show slight 
changes like those in the cervical region, but in none of the cord sections 
are these alterations marked. On the other hand, a few myelin bodies are seen 
in all of these sections, especially in the white matter. Sections of the larger 
spinal arteries are not obtained. All of the penetrating vessels are congested. 

Section 10 is a longitudinal section of the right ophthalmic nerve. The 
section includes the bulb and the distal end of the nerve. There are many blue 
staining myelin bodies along the periphery and in the mid-portion of the bulb 
and nerve. These are arranged in groups and rows between the fibers. The 
perivascular spaces are open but there are no evident inflammatory changes. 

Section 11 is a longitudinal section of the left ophthalmic nerve. It pre- 
sents the same general appearance as the right. 

Section 12 is a longitudinal section of both optic nerves, the chiasm and the 
beginning of the optic tracts. Along the periphery of the section there are 
large numbers of myelin bodies. These are very numerous in places and their 
presence in one part of the nerve is associated with slight dilatation of the 
nerve sheaths. The perivascular spaces are open and in a few places theit 
endothelial lining shows a definite increase in the number of cells. There are 
also a few clusters of lymphoid cells in the subarachnoid space. Other evi- 
dences of inflammation are wanting in this section. 

Section 13 is a longitudinal section of the right oculomotor nerve. The 
section includes that portion of the nerve which lies within the cranial cavity. 
There are very few myelin bodies which were so common in the other two 
nerves described above. On the other hand there is a most striking infiltra- 
tion of small mononuclear cells. These cells occur in large numbers about 
the larger blood vessels and in rows between the fibers in many places. There 
is little evidence of edema, but the axis cylinders are swollen in many places. 
Their outlines are sharp but irregular. The greatest amount of swelling in 
the axis cylinders corresponds to the areas of greatest cellular infiltration 
(Fig. 2). 

Section 14 is a longitudinal section of the left oculomotor nerve and.a 
cross section of the midbrain at this level. The brain stem shows most 
marked inflammatory changes. In many parts of the tegmentum the axis 
cylinders cannot be made out. Their sheaths are filled with pink staining 
granular material. The glia nuclei in all parts of the section stand out 
prominently. There is also a diffuse infiltration of small mononuclear cells 
in many places. The nerve cells are shrivelled in places, swollen in others. 
Their cytoplasm is granular and stains a slightly bluish pink color. The 
nuclei are shrivelled and often only half fill their original spaces in the cell. 
Many have indistinctly stained boundaries and are filled with bluish stain- 
ing granules which are made out clearly only with the high power of the 
microscope. The perivascular spaces are distended and filled with small mono- 
nuclear and a few large clearer endotheliod cells. Their endothelial linings 
show proliferative and desquamative changes. The nerve is everywhere infil- 
trated with small mononuclear cells. These, as in the other nerve, occur in 
rows between the fibers and in clusters about the larger blood vessels. These 
ciusters more than fill the interstitial tissue. They push aside the neighboring 
nerve fibers. No polymorphonuclear cells and very few myelin bodies are seen 
in this section. 
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The meninges about the nerve and brain stem contain large numbers of 
small mononuclear cells, and they are greatly distended in places by large 
clusters of these cells. There is also evident proliferation of the endothelial 
lining in a few places. This is not so marked, however, as in the perivascu- 
lar spaces. 

Sections 15 and 16 are longitudinal sections of the right and left trochlear 
nerves. They include those portions of the nerves which traverse the side 
of the brain stem. There are no myelin bodies. The nerve shows the same 
diffuse and patchy infiltration with small mononuclear cells as described in 
the case of the oculomotor nerves. The axis cylinders are swollen and in 
a few places are apparently fragmented. They have a pink color. 

Section 17 is a cross section through the lower portion of the midbrain. 
It is similar to that at the level of the emerging roots of the third nerve. 











Fig. 2.—Section of the right oculomotor nerve showing inflammatory changes 
(Case 1). 


Section 18 is a longitudinal section of the left trigeminal nerve. The 
section includes also a cross section of the neighboring part of the pons. The 
section is well stained. Along the periphery of the nerve there are many 
blue staining myelin bodies, but the nerve fibers show little evidence of 
swelling or degeneration and there is no cellular infiltration. Within the 
pons the nerve cells show little change of interest. The perivascular spaces 
about the veins are distended and contain a small amount of gelatinous pink 
staining material. One contains a few small mononuclear cells and there is 
evident proliferation of its endothelial lining. About this one there are also 
a few lymphoid cells scattered in the tissue. The glia nuclei stain sharply 
but do not appear increased. There is no cellular infiltration of the meninges 
nor endothelial proliferation. 
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Section 19 is a longitudinal section of the right trigeminal nerve. There 
are a few myelin bodies scattered among the fibers near the periphery of the 
nerve, but there is no evidence of inflammation or noticeable degeneration 
f the fibers. 7 

Section 20 is a longitudinal section of the right abducens nerve. The 
endothelial cells lining the subarachnoid spaces appear in one place slightly 
more numerous than normal. There are no myelin bodies or other noticeable 
changes in this nerve. 

Section 21 is a longitudinal section of the left abducens nerve. This section 
shows nothing of interest. 

Section 22 shows the nuclei of the abducens nerves. A block containing 
these nuclei was cut from the fourth ventricle and sectioned transversely. 
Ihe epithelial lining of the ventricle is intact. There is no marked evidence 
i edema of the tissue. All the perivascular spaces about the veins are dis- 
tended. Their endothelial lining cells are greatly increased and they are 
filled with small mononuclear and a few large clear cells. Many of the 
nerve cells in the nucleus of the sixth nerve are well formed and normal 
appearing. Others are shrunken and have a deep bluish red granular cyto- 
plasm in which the nuclei are made out with difficulty. 

Sections 23 and 24 are made from the right and left facial nerves. The 
section includes the first 1 cm. of these nerves. These nerves, like the sixth 
nerves, show little of interest. 

Section 25 is a longitudinal section of the left acustic nerve. It includes the 
first centimeter of the nerve as it emerges from the brain. Along the periphery 
if the nerve just beneath the pia mater and in places within it are a few blue 
staining myelin bodies. No inflammatory changes are seen in this nerve. The 
meninges are missing. 

Section 26 is a similarly cut section of the right acustic nerve. The meninges 
are missing and there are no large blood vessels seen in the section. Along 
the periphery of the nerve and in places within it are numbers of myelin 
bodies. There is also a diffuse infiltration of small mononuclear cells. These 
occur in rows between the fibers. Definite changes cannot be made out in 
the poorly defined axis cylinders. 

Section 27 is made through the pons at this level. It shows more peri- 
vascular involvement on one side than on the other. Sections of the roots 
f the glossopharyngeal nerves, vagus, accessory and hypoglossal nerves are 
seen in the several cross-sections of the medulla. Myelin bodies are absent 
in the roots of these nerves and none show any evident degeneration or 
inflammation. 

Anatomic Diagnosis—Acute polioencephalitis and acute myelitis, associated 
with wide spread inflammation of the meninges; neuritis of both oculomotor 
and trochlear nerves and the right acustic nerve; arteriosclerosis, general; local 
atrophy of the brain and cord; atrophy of the spleen; chronic inflammatory 
and arteriosclerotic nephritis; hypertrophy and dilatation of the heart; low 
grade prostatic hypertrophy; bronchopneumonia; cloudy swelling of the viscera; 
acute congeston of the viscera which is most marked in the lower part of 
the duodenum and the upper part of the jejunum. 

Case 2.—A boy, aged 17 years, white, student at a school for boys in New 
Hampshire, was admitted, Nov. 4, 1919, to the surgical ward, service of Dr. 
Sachs, and immediately transferred to the medical ward into the service of 
Dr. Schwab. 

Family History—The family history is negative. 

Past History—The past history is negative. 

Present Illness—Previous to Oct. 5, 1919, the patient seemingly had been 
in perfect health. -The first symptoms were vomiting and constipation. These 
were followed after several days by fever which at one time reached 103° F. 
At the time of this high fever and following it he noted difficulty in standing 
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when his eyes were closed. He tended at such times to fall always to the 
right. During this same time and for some time previous he also suffered 
transient attacks of diplopia 

On account of these symptoms he was taken to the Peter Bent Brigham 
Hospital in Boston and admitted to the service of Dr. Harvey Cushing. A letter 
from there states that on admission (the daté of which is not given) he had a 
subnormal temperature, nystagmus, hyperemia and edema of both optic disks, 
general muscular weakness and slight muscular atrophy, most marked in the 
lower extremities. Both Babinski’s and Chaddock’s reflexes were positive on 
the left and possibly also on the right. The tendon reflexes were brisk to exag- 
gerated throughout; particularly in the left lower extremity. His speech was 
slurred and inarticulate. The nystagmus was marked when he looked to the 
right, left and upward. His sense of position was very poor and there was 
marked ataxia elicited with finger to nose, finger to finger and heel to shin tests. 














Fig. 3—Congested vein in the midbrain from Case 2. The hyperplasia of 
the endothelial lining cells is shown along the wall of the vein and at the 
edge of the space. Desquamating cells may also be seen at several places 
along the peripheries of the space. 


The leukocyte count was 16,000. The cerebrospinal fluid showed, however, only 
five cells and all cultures of it remained sterile. About a week after admission 
the patient began to complain of numbness and tingling sensations in his left 
leg, particularly in the foot. Later these symptoms developed in the right leg 
also. At this time the deep reflexes were not obtained at the ankle and they 
were very inactive at the knee. Plantar stimulation gave no toe response on the 
left and this response was questionable on the right. There was hyperesthesia 
on the left side well up to the second intercostal space and a somewhat similar 
condition on the right. The slight swelling of the optic disks still persisted. The 
paralysis of the lower extremities had increased so that he was unable to dorso 
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flex the feet. The nerve trunks had become tender to pressure and Laseque phe- 
nomenon was quite marked in both lower extremities. This was the condi- 
tion at the time of his discharge from the hospital in Boston and just previous 
to his admission here. The impression was that he was suffering from wide- 
spread polyneuritis with considerably more involvement of the cranial nerves 
than is usual. ° 

Physical Examination and Clinical Course—November 5. Patient is conscious 
and fully orientated. His chief complaint is tenderness in both legs and pain 
in his throat. He moans frequently, complains of being sleepy and his eye- 
lids seem to drop and almost close at intervals. Breathing is shallow and 

“slow. There is no marked dyspnea. The left leg is completely paralyzed. The 
right can be flexed at the knee but with difficulty. Slight pressure on the 
peripheral nerve of both legs is painful. The patient’s condition is such that 
no further examination is deemed advisable just now. Tube feedings are 
ordered. 

5:30 p. m. (same day). The patient seems better and less anxious. The 
left disk appears to be normal. The right is slightly hyperemic. The veins 
are slightly tortuous. The edges are clearly seen. The picture suggests a 
receding optic neuritis. There is bilateral insufficiency of the sixth nerves 
which is more marked on the right side than on the left. 

November 5. Dr. Dock examined the patient and noted that the heart and 
lungs are negative and that the thyroid is slightly enlarged. 

November 7. Plantar irritation causes plantar extension in the right foot 
but no toe movements in the left. Later in the day a positive Babinski is seen 
in both right and left feet. The knee kicks are absent. The abdominal reflexes 
are also absent. 

November 9. The patient is not as bright as usual. He remains alert for 
only a very short time. He realizes that he has lethargic attacks and says 
that he is not sleepy in the ordinary sense of the term but he just falls off. 


The pupils are widely dilated. The speech is nasal, slurring and indistinct. 
There is tenderness along the nerve trunks in the legs and slight tenderness 
over the muscles. , 

November i2. The pulse is rapid. Analgesia is noted up as high as the 
fourth dorsal segment. The arms are free. Both disks are hazy, the right 


more than the left. There is a systolic murmur at the apex of the heart. 
There is slight delirium and the lethargy is marked. Spontaneous vomiting 
occurs during the day. 

November 18. The patient is intolerant of the feeding mixture. The pulse 
is poor. From this time on the patient became progressively weaker and weaker. 

Jan. 5, 1920. Death occurs at 6:47 a. m. 

The temperature during no time of the patient’s stay in the hospital went 
over 101 F. until the last three days, when it began to ascend and reached a 
height of 108.5 F. at the time of death. The pulse at all times went up and 
down with the temperature. 

Laboratory Findings.—Urine was examined frequently. Its specific gravity 
varied between 1.013 and 1.026. There was never any sugar but traces of 
albumin were present at times. 

The blood counts were as follows: Nov. 7, 1919, leukocytes, 12,200; Novem- 
ber 16, leukocytes, 8,600; December 30, leukocytes, 19,400. 

The spinal fluid was taken Nov. 14, 1919. There were six lymphocytes per 
c.mm. The pressure was normal. The Pandy test was positive. The Wasser- 
mann was negative. Smears, cultures and animal inoculations yielded nothing. 
The colloidal gold test was 5554320000. The Wassermann test of the blood was 
negative. Cultures of the blood taken Dec. 30, 1919, and Jan. 4, 1920, were 


sterile. 
The electrocardiogram suggested a left ventricular preponderance with a 


vertical heart. 
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Stereoscopic roentgenograms of the skull taken Dec. 2, 1919, showed nothing 
unusual. ; 

Clinical Diagnosis —Lethargic encephalitis, associated with a general poly- 
neuritis. 

The necropsy was performed Jan. 5, 1920, at 8:30 p. m. or about two 
hours after death. 

Necropsy Findings——The body is that of a poorly nourished boy. It mea- 
sures 175 cm. in length and weighs 36 kg. The pupils are equal; openings 
measure 4 mm. in diameter. There is a hemorrhage into the sclera of the 
right eye near the inner canthus. The skin has a pale color. The lips are 
pale. The teeth are in good condition and they are slightly prominent. The 
hair is thin. There is a needle prick near the midline of the back and just 
above the level of the third lumbar spine. The external genitalia appear 
normal. The body is warm. 

There is very little subcutaneous fat. The trunk is long. Both lungs col- 
lapse when the chest is opened. The pleural cavities are everywhere smooth 
and dry. The thymus is small and firm. Small islands of parenchyma are 
plainly visible in the fibrous tissue of which it is largely composed. 

The heart weighs 210 gm. and is filled with fluid blood. Aside from a few 
fatty placques in the aorta and slight dilatation of both the mitral and tri- 
cuspid rings, little of interest is noted. The heart was saved intact and was 
given to the “heart station” for special study. 

Lungs: The left lung weighs 185 gm.; the right weighs 435 gm. The left 
lung is doughy in consistency. The lower lobe is slightly injected. The cut 
surface is everywhere dry, and the alveoli are partially collapsed. The upper 
lobe of the right lung has the same appearance as that of the left while the 
more dependent portions of the middle and all of the lower lobe are firm 
and soggy in consistency and their cut surfaces are moist. Frothy fluid flows 
from the bronchi and alveoli and it is studded with numbers of small bluish 
red granular raised patches. The dependent portions of the middle lobe have 
the same appearance as that of the lower lobe excepting that the consolidated 
areas are smaller and not so numerous. The peribronchial glands are slightly 
enlarged, deeply pigmented, and one of them on the right side contains a small 
fibrous scar. 

Spleen: Weighs 180 gm. and measures 14.5 by 7 by 3.2 cm. The capsule 
is everywhere smooth, thin and translucent except for a few tiny fibrous tags 
near its upper pole. The organ is firm and slightly rubbery in consistency, 
and its cut surface has a deep bluish red color. Blood flows from this sur- 
face. The larger arteries can be made out easily. Their walls do not appear 
to be thickened. The malpighian corpuscles are not seen in the artificial light. 

Liver: Weighs 1,380 gm. and measures 30 by 21 by 6.5 cm. The capsule 
is everywhere smooth, thin and translucent. Through it the deeply congested 
centers of the lobules are easily seen. These lobules stand out clearly on the 
cut surface. Their centers are deeply congested and appear slightly sunken 
below the grayish brown boiled appearing peripheries. 

The gallbladder contains a small amount of viscid greenish black bile. Its 
walls are thin and delicate. 

Stomach: The pylorus and antrum are firmly contracted. The fundus con- 
tains about 200 c.c. of a black colored fluid which contains a few small blood 
clots. The mucous membrane is well preserved. 

Duodenum: It contains bile stained fecal matter. The mucous membrane 
is congested throughout and there are numerous small hemorrhages into it. 
Bile can be made to flow readily from the papilla of Vater. 

Pancreas: Appears normal in form and consistency, but it is small. It 
weighs 50 gm. Little or no fat surrounds it. 

Suprarenals: Are elongated in the vertical direction. The cortices have a 
grayish yellow color. The medullaé are narrow and congested. 
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Kidney: The right weighs 110 gm. and measures 10.2 by 6 by 3 cm. The 
left weighs 120 gm. and measures 10.5 by 5.7 by 3.75 cm. The capsules strip 
easily. There is slight evidence of fetal lobulation. The stellate veins are 
congested. The cortices have a grayish red color. On section, the medullae 
are found to be congested. The interlobular vessels of the cortices are con- 
gested which makes the gray columns stand out prominently. The striations 
are straight. The glomeruli are seen as both tiny gray and red pinpoint size 
dots. The cortices each measure 6 mm. in thickness. The right ureter and the 
bladder are slightly dilated. No evidence of obstruction is made out, how- 
ever. The prostate and seminal vesicles appear normal. The rectum appears 
normal. 

Intestines: The mucous membrane is well preserved everywhere, except 
that of the duodenum. The Peyer’s patches and solitary follicles are not 
enlarged. The mesentery is almost free from fat. The lymph glands in it 
are slightly enlarged. The retroperitoneal glands appear normal. 

Aorta: The intima is smooth. It is elastic. 

Brain: (See below.) 

The neck organs, spinal cord and peripheral nerves are not removed. 

Microscopic Examination—Lungs: Sections from the lower right lobe of 
the right lung show the smaller bronchi filled with pus and surrounded by 
an area of distended and pus filled alveoli. Skirting these foci and isolated in 
other parts of the section there are groups of alveoli filled with well preserved, 
red cells. The blood vessels are congested and all of the otherwise empty 
alveoli contain a few polymorphonuclear, large mononuclear and red cells. 
Sections from other lobes show nothing of interest. 

Spleen: The malpighian corpuscles are small, uniformly cellular and 
sharply circumscribed from the greatly congested pulp sinuses. The endo- 
thelial cells lining the pulp spaces appear to be increased. The nuclei are 
spherical in shape, vesicular and they stain sharply. Within the pulp spaces 
there is a noticeable but slight increase in the number of polymorphonuclear 
and small mononuclear cells. 

Liver: The parenchymatous cells are swollen and granular and those in 
the centers of the lobules contain many small vacuoles. 

Pancreas: Sections from head, body and tail show nothing unusual. 

Kidney: The cells lining the secreting tubules are irregularly swollen and 
granular. 

Duodenum: The solitary follicles appear slightly enlarged and they are 
uniformly cellular. The mucosa is densely infiltrated with polygonal shaped 
cells and the outer ends of the villae are congested and hemorrhagic. 

Stomach: Shows nothing of interest. 

Mesenteric Lymph Nodes: The sinuses are slightly distended and empty 
There is no evident hyperplasia of the parenchyma. 

Urethra: There is a scattering of lymphoid-like cells in the prostatic 
urethra near the bladder orifice. 

Brain: The whole of the cerebral cortex is edematous, and the subdural 
space contains about 75 c.c. of what appears to be a slightly turbid fluid. Blood 
has escaped into this from the cut vessels of the dura. Smears of this fluid 
show no increase in cells other than those of the blood. The blood vessels 
of the brain are slightly congested and there is definite clouding of the pia 
arachnoid along the fissures of the superior portions of the cortex. 

Spinal Cord of the Cervical Region: A small part is removed from the 
canal. There is no bulging of the cord substance at the point of section. The 
whole cord is congested. The boundaries between the gray and white matter 
can be seen readily. 

The brain and cord are placed in liquor formaldehydi. 

After three weeks’ fixation the brain is sectioned. The midbrain is cut 
through and the pons, medulla and cerebellum removed. The cerebrum is 
cut into cross sections of 1 cm. in thickness and pieces are taken from various 
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regions for microscopical study. Similar sections are made from various 
parts of the brain stem and the cerebellum. The cranial nerves are also 
removed, markéd, sectioned and stained. The sections are stained with 
hematoxylin and eosin. 

Microscopic Study of Sections of the Brain and Cord: Section 1 is a 
longitudinal section of the bulb and a portion of the right ophthalmic nerve 
There is definite edema of the bulb along one side with a deposit of pink 
staining granular material between the fibers. The meningeal vessels are 
congested but there is no cellular infiltration of the meninges in this region. 
The penetrating vessels are also congested but there is no distention or 
infiltration of their perivascular spaces. The endothelial lining of these spaces 
shows no evidence of proliferation. 

Section 2 is a similar section of the bulb and a part of the left ophthalmic 
nerve. The section shows nothing of interest aside from the congestion of 
the meningeal and larger penetrating vessels. This congestion is largely 
restricted to the veins. 

Section 3 is a frontal section of both optic nerves and the optic chiasm. 
The larger blood vessels are congested and all the perivascular spaces are 
distended. The endothelial cells lining these spaces show marked prolifera- 
tion and many of the spaces are filled with small mononuclear cells. 

The subarachnoid space covering the nerve is distended and contains many 
small mononuclear cells. The nerve tissue immediately beneath the meninges 
appears edematous. 

Section 4 is a longitudinal section of the right oculomotor nerve for a 
distance of 1.5 cm. outward from the brain. The section is longitudinally 
cut. The perivascular spaces of the larger blood vessels are filled with small 
mononuclear cells. Similar cells are also seen in many parts of the section 
between the nerve fibers. The axis cylinders are seen in many places. A 
few appear swollen but none are degenerated. The nuclei of the Schwann 
sheath cells appear large and more prominent than normal. The subarachnoid 
space is distended and contains many small mononuclear cells. 

Section 5 is a longitudinally cut section of the left oculomotor nerve. This 
nerve shows the same changes as the other except that the infiltration is 
more marked under the meningeal covering than on the right side. The 
meninges are present in this section. 

Section 6 is a longitudinal section of the right trochlear nerve. This nerve 
is densely infiltrated everywhere with small mononuclear cells. Large num- 
bers of these cells are lined in rows between the fibers and they occur in 
clusters about the larger blood vessels. 

The subarachnoid about the nerve is distended and filled with small mono- 
nuclear cells. There are also several larger bodies in this space and attached 
to its walls. These bodies are covered with well formed endothelial-like 
cells and are composed within of concentric rings. The whole body may 
stain pink or have a pinkish blue color. A few have a circular or irregular 
blue staining central mass. These bodies look like the endothelial pearls so 
common in endothelioma of this region. Aside from these changes the sub- 
arachnoid space shows no changes. There is no evidence of proliferation of 
the cells lining it. 

Section 7 is a longitudinally cut section of the left trochlear nerve. This 
nerve shows the same perivascular changes as the one of the other side but 
there are very few cells scattered between the fibers. On the other hand, many 
of the axis cylinders of this nerve cannot be seen. Many of the nerve sheaths 
contain pink staining granular material. This is also seen between many of 
the fibers. The meninges are not present, except for one small tag. This 
tag contains many small mononuclear cells. 

Section 8 is a cross section of the pons at the level of the trigeminal nerve. 
The subarachnoid space is everywhere distended and contains many small 
mononuclear cells and masses of pink staining granular material. The endo- 
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thelial lining of this space appears normal. There is no evident proliferation. 
The blood vessels are greatly distended with blood and their walls contain 
large numbers of small mononuclear cells. There are no definite hemorrhages 
but here and there well preserved and shadows of red cells can be seen scat- 
tered in the open space. This space also contains a few large clear endothelial- 
like cells. 

Throughout the tegmentum and pons proper the blood vessels are congested. 
Many of the perivascular spaces are filled with well preserved red blood cells 
which extend also out into the brain tissue in many places. Others of the peri- 
vascular spaces show simply proliferative changes of their endothelial lining 
cells, while others are distended with large numbers of small mononuclear 
cells. The proliferative changes are manifested by a great increase in the 
nuclei of lining cells. These cells are small and cuboidal in shape. In many 
of these spaces cells may be seen to be desquamating into the space from the 
lining membrane. All of the cells in the spaces have the same appearance as 
those budding out from the lining. 

The brain substance shows various changes. In places it appears normal. 
In other places it is more open and there is a deposit of pink staining granular 
material between the fibers. There are also places in the tegmentum where 
the glia nuclei appear increased and small mononuclear cells are seen scat- 
tered in the tissue along the capillaries and smaller blood vessels. 

On the other hand, the nerve cells in this section show no marked degen- 
erative changes. In a few areas they appear more granular, their nuclear 
outlines are not so sharp and a few appear slightly smaller than normal. 
There is no neuronophagia. 

Section 9 is a longitudinal section of the right abducens nerve. The men- 
inges have been torn away. Within the nerve small mononuclear cells are 
seen in numbers between the fibers. 

Section 10 is a longitudinal section of the first centimeter of the left 
abducens nerve. The meninges are missing. The nerve shows nothing of 
interest. 

Section 11 is a longitudinal section of the first 1.5 cm. of the right facial 
nerve. Small mononuclear cells are seen clustered about the larger blood 
vessels and in places between the fibers. Along one edge of the nerve there 
is a pink staining granular deposit within a few of the nerve sheaths and 
between the nerve fibers. The subarachnoid space is distended and contains 
a scattering of small mononuclear cells. The blood vessels are congested. 

Section 12 is a longitudinal section of the first centimeter of the left facial 
nerve. The subarachnoid space is distended and it contains a scattering of 
small mononuclear cells. The nerve proper shows no changes except for the 
presence of a few small mononuclear cells among the more peripherally placed 
fibers. 

Section 13 is a longitudinal section of the first centimeter of the right 
acustic nerve. This nerve shows an extensive perivascular and diffuse infiltra- 
tion of small mononuclear cells. Otherwise it shows little of interest. 

Section 14. A similar picture is seen in this section, a longitudinally cut 
section of the first centimeter of the left acustic nerve. 

Section 15 is a cross section of the medulla at the level of the hypogastric 
and glossopharyngeal nerves. The whole brain stem at this level appears 
slightly edematous. The blood vessels are congested. The perivascular spaces 
are distended. Those about the arteries are in part empty. Others contain 
a small amount of pink staining granular material. The endothelial lining 
cells of these spaces about the arteries are not increased in number. This is 
not true, however, for the veins. The endothelial cells lining the perivascular 
spaces are increased. Many of the spaces are filled with small mononuclear 
cells. The subarachnoid space is distended slightly. The blood vessels are 
congested and the space contains a scattering of small mononuclear cells. 
These are seen in the pia covering the roots of both the glossopharyngeal and 
hypoglossal nerves, but the nerves themselves show nothing unusual. 
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Within the brain the most pronounced changes are seen about the larger 
eins in the raphé, in the formatio reticularis and in the dorsal nuclei. Through- 
ut the whole of the section the nerve cells show changes. These consist of 
shrinking in the size of the cells and a decrease in staining properties of 

the nuclei. The cytoplasm is granular and the nuclear cytoplasmic boundaries 
are not sharply defined. 

Section 16 is a cross section of the medulla at the level of the hypoglossal 
and the vagus nerves. The alterations in this section are similar to those 
in Section 15, excepting that the perivascular infiltration is more marked. 
Endothelial proliferation and cellular infiltration is seen also in the peri- 
vascular spaces about the larger arteries. The nerve roots are uninvolved 
and there is no striking evidences of degeneration. The nuclei of the Schwann 
sheath cells of a few appear prominent. 

Section 17 is a cross section of the upper end of the cervical cord. The 
changes in this section are like those in the medulla. The meningeal changes 
are most marked on the anterior surface and in the anterior central fissure. 
The perivascular changes are also more pronounced about the vessels pene- 
trating in this region. The nerve roots as above are not definitely involved 
and there is no striking evidence of degeneration of the nerve cells in any 
part of the section. 

Section 18 is made through the cortex of the frontal lobe. The subarachnoid 
space is slightly distended and contains a few small mononuclear cells. The 
outer edge of the gray matter is slightly edematous. There are no marked 
perivascular changes, however, of any kind. The blood vessels are congested. 

Section 19 is made from the postparietal region of the cortex. The changes 
in this section are similar to those in Section 18. 

Section 20 is a section through the corpus callosum. Aside from con- 
gestion of the blood vessels nothing of interest is seen. 

Section 21 is made through the middle of the optic thalamus and the wall 
of the fourth ventricle of the right side. The epithelial lining of the ven- 
tricle is intact. The tissue beneath it is edematous and the capillaries are 
congested. Throughout the whole section the perivascular spaces about both 
the veins and the arteries are distended. All of these vessels are congested. 
Phere is no proliferation of the endothelial lining of the spaces about the 
arteries. These spaces are in part empty. Others contain small amounts of 
pink staining granular material. The perivascular spaces about the veins 
show marked changes. They are lined by cuboidal endothelial «ells which are 
being desquamated in part into the space. The spaces are filled with small 
mononuclear cells. The brain tissue about each of these spaces is edematous. 
The nerve cells in this region show, however, little of interest except that 
their cytoplasm is slightly more granular than normal. 

Section 22 is made through the thalamus, internal capsule and lenticular 
nucleus of the opposite side at the same level as the preceding section. The 
changes in the thalamus are similar to those of the opposite side. The most 
intense changes in this section are located in the internal capsule. The 
whole tissue is edematous. All of the perivascular spaces. are greatly dis- 
tended and filled with cells. Their endothelial lining cells show marked pro- 
liferation. The glia nuclei stand out sharply in the section and appear increased 
and the tissue about many of the perivascular spaces is infiltrated with small 
mononuclear cells. Many of the axis cylinders, however, can be seen to be 
definitely intact. Similar changes are seen along the neighboring edges of 
the lenticular nucleus. The greater part of this nucleus, however, shows no 
changes aside from congestion of its blood vessels. 

Section 23 is through the septum pellucidum including the corpus callosum, 
the convolutions at the bottom of the median longitudinal fissure and a part 

f the wall of the third and both lateral ventricles. The tissue beneath the 
floor of the ventricles shows diffuse and focal areas of edema A few of the 
perivascular spaces in the white matter are distended. Their endothelial 
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lining cells are increased and they contain a few small mononuclear cells. 

Section 24 is a cross section of the brain stem at the level of the sub- 
stantia nigra. The changes in this section are like those in the pons below 
and in the internal capsule above. The perivascular spaces are distended 
and lined by closely set cuboidal cells. These are filled with small mono- 
nuclear cells (Fig. 3). The tissue throughout the whole section is edematous 
This is most marked about the larger blood vessels and in this region there 
are also a few scattered small mononuclear cells. The meninges are also 
infiltrated with many small mononuclear and a few larger endothelioid cells. 
The blood vessels everywhere are congested and in places within the teg- 
mentum there is a deposit of pink staining granular material between the 
nerve fibers. The changes in the nerve cells are not in any place of an 
extreme degree. In places they are of normal size but stain palely. In other 
places they are slightly shrunken; their cytoplasm is granular, and their 
nuclei stain poorly. About the aqueduct of Sylvius they are normal in size, 
stain sharply and are filled with brown pigmented granules. 

Section 25 is similar to Section 24, but is taken at a slightly lower level. 
The changes are also similar to those of the preceding section, except that 
a number of endothelial pearls are attached to the wall of the subarachnoid 
space. These are like those seen in the meninges enclosing the right trochlear 
nerve, Section 6. 

Sections 26 and 27 are sections of the upper and middle portions of the 
pons. These sections show changes similar to those seen in Sections 24 and 25 

Section 28 is from the dentate nucleus of the cerebellum. A few of the 
perivascular spaces are distended. Their endothelial lining cells are increased. 
There is no evident edema and no marked evidence of cellular or fibrillar 
degeneration. 

Section 29 is through the optic tract and the posterior commissure. A 
few of the periportal spaces show proliferation of their endothelial lining 
and a few of these contain a number of small mononuclear cells. The sub- 
arachnoid space is distended and contains a scattering of small mononuclear 
and red cells. 

Anatomic Diagnosis.—Acute polioencephalitis and acute myelitis, associated 
with a localized and widespread inflammation of the meninges; neuritis of the 
optic, oculomotor, trochlear, trigeminal, abducens, facial and acustic nerves; 
acute and chrqnic passive congestion of the viscera; acute cerebral edema: 
acute congestion and hemorrhage into the mucosa of the duodenum; hemor- 
rhage into the conjunctiva of the right eye; emaciation; acute localized unilat- 
eral bronchopneumonia; acute splenic tumor; cloudy swelling of the viscera; 
fatty changes in the liver; healed fibrous scar, right peribronchial lymph gland; 
chronic prostatic urethritis. 

Case 3.—H. H. D., male, white. druggist, aged 24 years, was admitted Dec. 
13, 1919, from an ambulance to the service of Dr. Schwab. 

Present Illness—He has been sick since Monday, December 8, and his first 
symptoms were inability to see plainly and he had to puzzle over things he 
said. His temperature, he thinks, began to rise Tuesday morning. Tuesday 
night it was 101 F. With the temperature he began to feel drowsy. He gives 
no history of having had influenza or anything like it. His family and past 
history are entirely negative. Previous to this time he has always been healthy. 

Since the beginning of his present illness he has continued to work in the 
store until this morning. Since Tuesday he has had fever and headache and 
since yesterday he has had transient attacks of diplopia. His appetite is fair. 
There has been no nausea or vomiting. 

Physical Examination—The patient is a young man. He lies quietly in 
bed. The face is masklike and expressionless. The skin is hot and dry. He 
answers questions promptly and relevantly, but is slightly disorientated. He 
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thinks he is in the Dix Hospital and that the day is Monday. The scalp is 
clean. There is beginning temporal baldness. The hair is light brown in color. 

Eves: The pupils show nothing unusual. They react poorly to light. This 
is more noticeable in the right than in the left eye. There is marked weakness, 
especially of the left eye, to external rotation. There is no diplopia at the 
present time There is marked weakness of conveyance and the accommodation 
reactions are poor. On looking either to the right or left, there is nystagmus 
to that side. On looking upward the nystagmus is either vertical or rotary. 

Ears and Nose: Negative. Hearing is not tested. 

Mouth: The breath is foul, otherwise the mouth shows nothing of interest. 
There is a questionable right facial weakness. The tongue protrudes in the 
midline. 

Neck: There are a few palpable glands (also in the axilla and groin). The 
thyroid is moderately and generally enlarged. 

Heart, lungs and abdomen appear to be normal. The respirations are 26. 
Pulse is 82. Temperature is 101 F. 

The arms and legs have normal strength. There is slight tremor of the 
extended hands. Biceps and triceps jerks are present and equal. Knee jerks 
are present, equal and increased. There are no sphincter disturbances and no 
rigidity of the neck. There are no Kernig and no pathologic toe signs. 

Fundi: The disks are hyperemic and elevated, especially the left. Their 
margins are obliterated. 

Clinical Course —Dec. 14, 1919: The patient is slightly more delirious than 
yesterday. There is slight ptosis of the right eye. 

December 15: There is slight spasticity of both arms. All the tendon 
jerks are increased. There are bilateral pseudoptosis and weakness of the 
sixth and seventh nerves and evident hallucinations. A lumbar puncture 
is made. 

December 16: A second lumbar puncture is made. Patient appears much 
worse. There is marked delirium. Arsphenamin, 0.3 gm., is given intravenously. 
There is no reaction. ; 

December 19: The patient is again worse. Divergent strabismus is present. 
Examination by the otologic clinic shows bilateral chronic otitis media. The 
respirations are increased and bubbling rales are heard over the right back. 
The pulse is 120. Patient is in deep stupor. He dies with respiratory failure 
at 9:58 a. m. 

The blood pressures throughout his illness were as follows: December 13, 
118/87; December 14, 127/92; December 15, 155/105; December 16, 172/112; 
December 17, 185/125; December 18, 165/90. 

Stereoscopic roentgenograms of the skull showed nothing unusual. 

Laboratory Findings—The urine never showed anything unusual. Blood: 
erythrocytes, 6,500,000; hemoglobin, 85 per cent. Leukocytes: December 13, 
8,000; December 14, 12,000; December 15, 14,000; December 16, 20,000; Decem- 
ber 17, 24,000; December 18, 20,000. The differential count showed from 60 
to 89 per cent. polymorphonuclear cells. Blood cultures on three occasions 
were always sterile. Blood Wassermann was negative. 

Spinal Fluid: December 15: Clear and under normal pressure. Pandy 
is markedly positive. The gold curve is 0122100000. The cell count is 0. 
Wassermann test is negative. ke 

December 16: It is straw colored and hemorrhagic and under normal 
pressure. There are 4,000 red blood cells and 28 leukocytes per c.mm. The 
Pandy test is markedly positive. The gold curve made with centrifuged fluid 
is 0012100000. The Wassermann test is negative. 

The electrocardiogram was normal with a rate of 120. 

The temperature ranged between 101 and 102 F.; pulse, between 100 and 
115; respirations, between 26 and 32. 
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Clinical Diagnosis—Acute lethargic encephalitis; partial paralysis of the 
third, sixth and seventh nerves; nystagmus; optic neuritis, bilateral; otitis 
media, chronic and bilateral; terminal bronchopneumonia. 

The necropsy was performed by Dr. Walsh, one and one-half hours after 
death. Permission was granted for an examination of the head only. The 
brain was examined by myself. 

Necropsy Findings.— The calvarium appears to be normal. There is a 
slight excess of fluid in the subdural space. The brain is deeply congested 
everywhere, but there is only a small amount of edema of the cerebral cortex. 
There are, on the other hand, evidences of small fresh hemorrhages into the 
subarachnoid space of the cerebrum. These are located along the larger veins 
and give a fuzziness to the outlines of these vessels. 








Fig. 4.—Section of the substantia nigra, Case 3, showing diffuse and focal 
infiltration with small mononuclear cells. A polymorphonuclear leukocyte is 
seen in the focal lesion on the left side of the picture. 


The brain is removed to liquor formaldehydi to be examined later. The 
hypophysis appears to be normal. Aside from congestion the cerebral blood 
sinuses appear normal. The optic disks are slightly but definitely swollen 
and congested. 

Formaldehyd Fixed Brain: The veins of the cerebrum are greatly con- 
gested. Many show the same fuzziness of outline as was noted in the freshly 
removed brain. The meninges in the depth of the fissures are cloudy. The 
brain stem has been cut across at a point just below the lewel of the olive 
There is no bulging of the brain substance at this point of section. It is con- 
gested, however, but the outlines of the gray and white matter are distinct. 
The brain is sectioned in a manner similar to that used for the study of the 


other cases 
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The penetrating vessels are everywhere congested. This congestion is most 
marked about the slightly dilated ventricles. The ventricle lining otherwise 
appears smooth. The choroid vessels aside from congestion appear normal. 
The congestion is brought out well in the blocks of the tissue removed to 
80 per cent. alcohol. The gray matter of the thalamus, midbrain, pons and 
medulla appear also slightly more granular than normal. 

Microscopic Examination of Sections.—Sections 1 and 2 are longitudinally 
cut sections of the right and left ophthalmic nerves. The bulb is not included. 
These sections aside from congestion of the blood vessels show nothing unusual. 

Section 3 is a longitudinal section of both optic nerves and the chiasm 
The subarachnoid space is distended and contains a scattering of small mono- 
nuclear and a few larger endothelial cells. The blood vessels in all parts of 
the section are congested. The tissue immediately beneath the pia mater is 
edematous. Many of the perivascular spaces throughout both nerves and the 
chiasm are filled with small mononuclear cells. This tissue about this «space 
is edematous and also contains a few small mononuclear cells scattered in 
it between the nerve fibers. The endothelial cells lining the spaces are increased. 

Section 4 is a longitudinal section of the first centimeter of the right oculo- 
motor nerve. There are a few lymphoid cells scattered in the meninges and 
about one of the vessels in the nerve. 

Section 5 is a longitudinal section of the first centimeter of the left oculo- 
motor nerve. This nerve shows changes similar to that of the other. 

Section 6 is a longitudinal section of the right trochlear nerve. No changes 
of interest are seen in this section. 

Section 7 is a longitudinal section of the left trochlear nerve. In one 
place there are a few small mononuclear cells scattered between the fibers. 

Sections 8 and 9 are longitudinal sections of the right and left trigeminal 
nerves. In small areas of both nerves there are a few small mononuclear 
cells scattered between the fibers and about the larger blood vessels. Other- 
wise these nerves show nothing of interest. 

Sections 10 and 11 are longitudinal sections of the two abducens nerves. 
The nerves appear normal. 

Sections 12, 13, 14, 15 and 16 are longitudinal sections of the seventh and 
eighth nerves. There a few small mononuclear cells clustered about a blood 
vessel in the sections of both the right and left acustic nerves. No marked 
changes are seen in either of the facial nerves. The nerve roots of the glosso- 
pharyngeal, vagus and hypoglossal nerves are seen in sections of the medulla. 
They show nothing of interest excepting congestion of their blood vessels. 

Section 17 is made through the posterior parietal region of the cortex. The 
subarachnoid space contains a few small mononuclear cells. The blood ves- 
sels of the meninges and brain are congested. The endothelial cells lining one 
of these spaces are increased. 

Section 18 is a section through the left occipital lobe. It extends from the 
cortex to the ventricle. The vessels of the brain and meninges are congested 
and there are several small hemorrhages into the meninges. The tissue in 
the wall of the ventricle is edematous. In places it is thrown up into small 
hillocks which project into that cavity. The epithelial lining of the ventricle 
is missing over these hillocks. The perivascular spaces of the blood vessels 
are distended but empty. The endothelial cells lining these spaces show no 
change. The subarachnoid space is distended and filled with pink staining 
granular material and a few scattered small mononuclear cells. 

Section 19 is through the middle part of the thalamus and the wall of 
the fourth ventricle. The whole of the thalamus is edematous and there is 
a deposit of pink staining granular material in the tissue meshwork. There is 
marked proliferation of the perivascular endothelium of the veins and these 
perivascular spaces are filled with cells. The capillaries are congested and 
there is a diffuse infiltration and in places, small clusters of mononuclear cells 
in the tissue. The cells in these small clusters lie in the meshes of the 
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tissue which shows no evident necrosis. The glia nuclei throughout the sec- 
tion are prominent and in places appear slightly increased in number. Most 
of the nerve cells are shriveled and have an open space about them. Mono- 
nuclear cells have invaded many of these spaces. The nuclei of these nerve 
cells is not clearly defined and they stain poorly. ‘In a few they have shrivelled 
and become picnotic and there is an open space in the cytoplasm along the side 
of a number of this latter type. The cytoplasm’ is densely granular. There is 
no evident neurofibrillar structure. 

Section 20 is through the septum pellucidum and cortex of the brain at 
the bottom of the median longitudinal fissure. The blood vessels are con- 
gested. The subarachnoid space of the meninges is dilated and it contains 
large numbers of small mononuclear cells. 

Section 21 is a section through the thalamus, internal capsule and lenticu- 
lar nucleus on the side opposite from that which Section 20 is taken and at a 
higher level. The blood vessels are congested. The perivascular spaces are 
dilated and empty. There is no hyperplasia of their endothelial lining cells. 

Section 22 is of the cerebral cortex at the same level as Section 21. The 
meningeal blood vessels and brain vessels are congested. The subarachnoid 
space is dilated and contains a small amount of pink staining granular mate- 
rial and a few small mononuclear cells. The perivascular spaces are dilated 
and empty. 

Section 23 is a cross section through the midbrain at the level of the 
substantia nigra. The changes are localized to the tegmentum. There are no 
perivascular or other evidences of change in the cerebellar peduncles. In the 
tegmentum the perivascular spaces are dilated. There is marked prolifera- 
tion of their perivascular endothelium and they are filled with cells. The 
brain tissue about these spaces is edematous and in many instances it is 
also being invaded by small mononuclear cells. In places in the substantia 
nigra mononuclear cells are found and there are several small clusters of 
these cells lying in open spaces in the tissue. The nervous tissue in these 
areas is undergoing necrosis; here and there a few polymorphonuclear leukocytes 
are scattered in them (Fig. 4). The nerve cells in most parts of the section 
show no changes except that a few appear granular and slightly shrivelled. 
The aqueduct of Sylvius is slightly dilated and it contains a small amount 
of pink staining granular material. The epithelial lining is everywhere intact. 

Section 24 is through the middle of the pons. The perivascular spaces in 
all parts of the section are distended. Those about the veins are filled with 
cells and their endothelial lining shows marked proliferation. The greater part 
of the tissue of the tegmentum appears edematous and there are areas in the 
tegmentum diffusely infiltrated with small mononuclear cells. The nuclei of 
the pons proper show little change while in the tegmentum all of the nerve 
cells show evidences of degeneration. They are shriveled. Their cytopsasm 
is granular. Their nuclei are either shriveled or they stain palely. In the 
motor nucleus of the fifth nerve on one side the cells are shriveled and small 
mononuclear cells are found in the open space about many of them. The 
glia nuclei are apparently not increased. 

Section 25 is through the lower end of the pons and the nucleus of the 
abducens nerve. The changes in this section are similar but not so advanced 
as in the other. Besides moderate perivascular changes there are many tiny 
hemorrhages into the tissue and into a few of the perivascular spaces of 
the tegmentum. These are especially noted in the more dorsal part and in 
the median raphé. The nerve cell changes are not conspicuous. The nerve 
cells of the abducens and facial nuclei are not shriveled but their cytoplasm 
appears granular and there are a few capillary hemorrhages in one of the 
nuclei of this nerve. 

Section 26 is a section through the cerebellar cortex. The Purkinje cells 
appear granular and their nuclear cytoplasmic boundaries are not distinct. 
The meninges show no changes. 
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Section 27 is another section through the cerebellar cortex. The Purkinje 
cells appear normal. There are a few mononuclear cells in an otherwise 
partially closed subarachnoid space. 

Section 28 is through the cerebellar cortex and the dentate nucleus. The 
cortical cells appear normal. The perivascular spaces in the medullary sub- 
stance and in the dentate nuclei are dilated and there is slight evidence of 
proliferation of their lining endothelium. 

Section 29 is through the nucleus of the trochlear nerves. It includes only 
the dorsal part of the midbrain at this level. It shows changes like those 
in Section 23. 

Section 30 is a cross section of the medulla at the level of the middle of 
the olive. The choroid plexus appears normal. It is not congested. The 
cells lining the ventricle are everywhere intact. The brain tissue is not 
edematous. The meningeal and penetrating veins are congested. The endo- 
thelial cells lining a few of the perivascular spaces show hyperplasia and a 
few of the perivascular spaces contain four or five cells. The cytoplasm of the 
nerve cells is slightly granular, otherwise the tissue appears normal. 

Sections 31, 32, 33 and 34 are sections of the pons, the left trochlear nerve, 
the right oculomotor nerve and the left ophthalmic nerve. These sections are 
stained by Weigert’s method. No evidence of degeneration is seen in any 
of the sections. The only change is a slight brown color in the tissue between 
the nerve fibers of the tracts in the tegmentum of the pons. 

Anatomic Diagnosis.—Acute polioencephalitis associated with an extensive 
low grade inflammation of the meninges; neuritis of the optic nerves; neuritis 
of both oculomotor, left trochlear, both trigeminal and both acustic nerves; 
acute cerebral congestion and edema; bilateral choked disks. 


DISCUSSION 


The three cases described above present the clinical and pathological 
picture that is now known as diagnostic of “encephalitis lethargica.” 
The lesions noted in the central nervous system of these cases, like 
the ones previously described by V. Economo,’ Wilson,? Marinesco,’ 
Marie and Trétiakoff,* Bassoe,® Bassoe and Hassin,® Calhoun,’ Netter,* 
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850, 1918. 
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Ann. de méd. 7:1, 1918. 
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Mott,’ Flexner,’ Smith in an article with Alexander and Allen," and 
many others ** are those of an acute inflammation which in its his- 
tology is not different in many of its characters from that which is 
known to occur in acute poliomyelitis or infantile paralysis. 

Clinically lethargic encephalitis is an entity as distinct as that of 
acute poliomyelitis. It differs from this latter disease not only in 
its general clinical syndrome but also in its age incidence, its seasonal 
variations and in the course it runs.** ° 

While this is true clinically, it is questionable whether any pathologic 
peculiarity of it has as yet been noted. The only one of any value 
which as been described so far is the distribution of the lesions. 
Whether this will hold in every case is an unsettled question. Infantile 
paralysis, as it is generally known, is a disease of the spinal cord. As 
Marinesco points out, Wickman has called attention to very constant 
alterations of the formation reticularis and the gray matter of the 
medulla and other authors have seen infiltration of the nuclei of the 
columns of Gall and Burdoch, of substantia nigra, of the gray matter 
surrounding the acqueduct of Sylvius, of the corpora quadrigemini 
and in the raphé and neighboring parts. 

Lesions higher up in the brain have not been seen in acute 
poliomyelitis as far as the author is aware. In spite of this fact 
there are cases, however, which are classed with this disease and 
which show cerebral symptoms. Whether some of this latter type do 
not show lesions similar to those in encephalitis lethargica is a question 
yet to be answered and unless this is proven not to be true or one 
can find more characteristic lesions in the cases of lethargic encephalitis 
the pathological diagnosis between these two diseases must find its 
confirmation always in the clinical data. The etiological agent has not 
as yet been isolated. 

Acute Poliomyelitis or Infantile Paralysis—In 1919 I had the 
opportunity to study carefully at necropsy all the patients dying of 
infantile paralysis in Baltimore between August 28 and the end of the 
epidemic. The epidemic commenced later in that city than in 
many other parts of the east. More than fifty necropsies were per- 
formed, and excepting a very few at the beginning of the epidemic 
this included all the fatal cases of this disease in Baltimore that year. 


9. Mott, L. W.: Discussion on Epidemic Encephalitis, Proc. Roy. Soc. Med., 
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All the necropsies were complete. They were made on patients who 


died of respiratory failure in the acute stage of the disease. It was 


possible in these cases to study, therefore, not only the changes taking 
place in the central nervous system during the time the disease was 
active but also those peculiar to it in other organs and tissues of the 
body. The ages of these cases varied between a few months and 15 
years. In more than 50 per cent. of the cases the cerebrum was con- 
gested, and in a few of the cases there was fluid in the subdural and 
the subarachnoid spaces of the meninges covering it. Unless other 
complications had arisen this fluid was clear and colorless, or slightly 
straw colored. 

The more definite lesions were limited to the spinal cord, medulla, 
pons and the dentate nucleus of the cerebellum. No lesions were 
found in the midbrain or in any part above the upper end of the pons. 
In many of the fatal cases the disease as noted clinically made its 
first appearance low down in the lumbar cord and progressed upwards. 
It was of the so-called “ascending type.” In other cases it was more 
focal. 

The lesions in the cord were those of an acute inflammation. When 
the cases were treated as a whole the lesions were congestion, edema, 
hemorrhage, cellular infiltration, degeneration, necrosis, and pro- 
liferation. 

Congestion and edema were the most constant alterations encoun- 
tered. The edema was easily recognized in the gross by the tensely 
swollen cord, the substance of which on section of the meninges 
bulged forth to cover their cut edges. Although the amount of 
edematous swelling varied considerably in the different cases, it was 
usually present. Failure of the cord substance to push out through 
a broken point in the meninges of some part of the cord was seen 
in only two cases. This edema, together with the striking hyper- 
plasia of the Peyer's patches, the solitary follicles of the ileum and 
colon, the mesenteric glands, especially those of the ileo-cecal region 
and the malpighian corpuscles of the spleen, gave a group of alteration 
which were found most useful in the gross diagnosis of the disease. 

Histologically, it was of further interest to note that this conges- 
tion and edema, together with slight changes in the nerve cells, were 
often all that was found in the cervical region and medulla of persons 
who had undoubtedly died of respiratory failure. In one of the 
cases edema with hemorrhage made up the greater part of the lesions 
of the whole cord. This cord throughout was tensely swollen and 
peppered everywhere with tiny hemorrhages which gave it a striking 
appearance. The other changes noted in this case were a few cells in 
a few of the perivascular spaces of the vessels of the anterior horns 
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and a most constant hyperplasia of the endothelial cells lining the 
perivascular spaces about many of the larger veins, especially those 
which emerged into the anterior central fissure. 

Hemorrhages were not present in all of the cases of this series. 
They were grossly noticeable in only a limited number and were 
proven microscopically to exist in only slightly more than fifty per 
cent. They were located in part in the tissue and in part in the peri- 
vascular spaces. 

The most constant changes in the cords of these cases were, there- 
fore, edema, hyperplasia of the perivascular endothelium—with or 
without perivascular infiltration, congestion of the blood vessels, diffuse 
and focal infiltration of the gray matter especially of the anterior 
horns of the cord and of the dorsal portions of the medulla and the 
tegmentum of the pons, various degrees of degeneration and prolifera- 
tion and meningitis. 

The cells which took part in what appeared to be a diffuse and focal 
infiltration of the tissue were of three kinds: Small mononuclear 
cells, which resembled lymphocytes or small polyblasts, larger mono- 
nuclear cells and polymorphonuclear leukocytes. These latter cells come 
without doubt directly from the blood stream. They were not seen, in 
every case but only in those where the tissue had suffered necrosis. The 
sheaths of necrotic nerve cells contain often large numbers of them. 


Tiny abscesses were thus formed. In other areas often large masses 
of tissue had suffered a similar necrosis and invasion by these cells. 
These larger abscesses were found in the anterior horns of the cord, 
in the formatic reticularis and dorsal nuclei of the medulla, in the 


tegmentum of the pons and in the dentate nuclei of the cerebellum. 
The presence of these abscesses in this latter locality were of con- 
siderable interest because as far as the author is aware they have not 
been described previously in this locality. 

Associated with the polymorphonuclear cells in the abscesses and 
scattered throughout the tissue there were also many of the smaller 
and the large types of mononuclear cells. In those cases where tissue 
necrosis is not marked and a less evident and slower degeneration of 
nerve cells is noted, these latter cells are the only ones present. It 
is in these cases that they can be seen definitely to be of two varieties. 
The large cells have a mass of granular but rather palely staining 
cytoplasm. The nucleus is small and rich in chromatin. They are 
either globoid or elongated in shape and very frequently processes 
can be seen extending from them into the tissue. These cells may 
occur isolated in the tissue or they may occur in groups. In the 
groups the central cells are generally globoid in shape while those in 
the periphery are elongated. These elongated cells have long processes 
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which connect them with the surrounding glia tissue. These cells 
the author’ considered were proliferated and degenerated glia cells 
and not cells which had entered this region from without. In this 
connection it is interesting that Buzzard and Greenfield ‘* have noted 
cells like them in the brain of persons dead of lethargic encephalitis 
and these authors have also considered them of this origin. Holmes ** 
ascribed the same origin to the large mononuclear cells of brain soften- 
ing. 

Associated with the accumulation of these cells in many of these 
cases there was also a more diffuse and evident proliferation of the 
glia tissue. This took place in part just outside the site of the 
greatest degeneration of tissue. 

Many of the small mononuclear cells had a different appearance. 
They look more like lymphocytes. It was interesting, however, that 
all gradations between these small mononuclear cells and the larger 
type could be found. And, again, it was interesting to note that there 
were cases of rapidly progressing degeneration which showed few 
of these cellular changes. 

The small cells were either diffusely scattered or collected in small 
clusters like those that look like glial cells. Many of the larger ones 
of this type look like polyblasts and few often resembled plasma cells. 
Their general appearance was such, however, that one was loath to 
class them in this group, but it was not definitely determined whether 
they had migrated like the polymorphonuclear leukocytes into this 
area or whether they had differentiated there. 

The changes in the perivascular spaces were variable. The spaces 
more frequently involved were those about the veins draining the 
anterior horns of the cord, the formatio reticularis and dorsal portions 
of the medulla and the tegmentum of the pons. This was not always 
true, however, as Wickman has noted. In many cases many of the 
perivascular spaces about the arteries and all of the veins of both 
the white and gray matter were involved. 

In the rapidly fatal cases showing little more than an intense 
edema, the spaces were generally greatly dilated and filled with pink 
staining granular material. There was slight hyperplasia of their endo- 
thelial lining cells and this membrane was frequently ruptured in places 
and the brain tissue compressed without. Such changes in these 
spaces were also seen in several instances in the cases of encephalitis 
lethargica reported above. 








14. Buzzard, E.: 
Brain 42:305, 1919. 

15. Holmes, G.: The Pathology of Acute Spinal Injuries, Brit. Med. J. 
2:769 (Nov. 27) 1915 


Lethargic Encephalitis; Its Sequelae and Morbid Anatomy, 
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In most of the cases of poliomyelitis as in lethargic encephalitis 
this dilatation was not so extreme, and the change consisted either 
of a striking hyperplasia of the endothelial lining cells or hyperplasia 
and a filling up of the space with small mononuclear cells. 

As is well known the spaces about the larger blood vessels of the 
normal brain and cord are lined by a single or a double layer of flat- 
tened endothelial cells. These form a lining membrane which con- 
nects directly with the membrane lining the subarachnoid space of 
the meninges. The perivascular spaces about the small vessels and 
capillaries have no such endothelial lining. This system of perivas- 
cular spaces is what might be called the lymphatics of the central 
nervous system. The tissue fluid drains through them into the sub- 
arachnoid space from whence it gains entrance into the veins. 

In poliomyelitis there were no changes in most of the spaces about 
the smaller blood vessels. The changes were limited largely to these 
spaces about the larger blood vessels which are endothelial lined. The 
lining cells were not like those of the normal brain but were greatly 
increased and had a definitely cuboidal shape. Their nuclei were 
spherical, vesicular and rich in chromatin. Many of these cells were 
seen to be desquamating or budding off into the subarachnoid space. 

The cells that filled the space were small round cells which were 
apparently identical to these lining cells. Polymorphonuclear leuko- 
cytes were also seen in a number of these spaces. They were present 
only, however, in those cases where there were areas of tissue necrosis 
without which had been invaded by them. Besides these cells there 
were also a few larger clear mononuclear cells which had the appearance 
of swollen endothelial cells. There were also other cells which have 
been identified as polyblasts and plasma cells. All transitions between 
these various types and the endothelial lining cells could be found. The 
number of the cells in these spaces varied considerably. In many places 
the spaces contained very large numbers. The spaces were greatly 
distended. Their outer endothelial lining membrane had often rup- 
tured in many places and the tissue without was edematous and the 
cells could be traced in numbers outwards from the space into the 
tissue. This was seen both in the gray and the white matter. It is 
possible that many of the small cells scattered in the tissue farther 
out may have been derived from this source. Many of them resem- 
bled these cells very much. 

The meningeal changes were also variable. In the early part of 
the epidemic several of the cases were suffering from an acute purulent 
meningitis. This was seen, however, only in those cases which had 
been treated intraspinally with serum prepared from the blood of 
another patient who had recovered from the disease. This treatment 
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was soon discontinued in Baltimore. Subsequently no more cases 
with this form of meningeal change were encountered and it seemed 
evident, therefore, that it was not a part of acute disease, but that it 
had been a result of the serum treatment. 

The simplest meningeal changes were congestion and edema. Micro- 
scopically, the spaces were dilated, the blood vessels were distended 
with blood and there was a small amount of pink staining granular 
material and a few small mononuclear cells scattered in the open 
. space. In other cases the spaces contained larger numbers of small 
mononuclear cells and clusters of these cells were also seen in the 
walls of the larger blood vessels. 

Active hyperplasia of the endothelial cells lining the subarachnoid 
space was not seen, except in a few of the cases, and when present 
it was often associated with hemorrhage. This fact became of interest 
because it was thought possible to associate it with the meningeal 
symptoms presented by a limited number of the cases. Unfortunately. 
however, the clinical data obtained for most of the cases was not 
sufficient. 

The cell reaction in poliomyelitis is evidently, therefore, a mono- 
nuclear cell type. Peabody, Draper and Dochez ** had already pointed 
out that polymorphonuclear leukocytes make their appearance only 
when there is active tissue necrosis. These authors considered the 
mononuclear cells to be lymphocytes from the blood stream. Mar- 
burg ** had also the same view as to their origin. Wickman ** calls 
them polyblasts in the sense of Maximow. Goldscheider ** thought they 
were of glial origin while Strauss *° considered them to be derived from 
the adventitial cells. Our studies would indicate that they were derived 
directly from the endothelium lining the perivascular spaces. 


In this: regard the recent work of Essick?' becomes important. 
Essick noted endothelial hyperplasia and budding or desquamation in 
the subarachnoid space following the introduction.of particulate matter 
into it. 


16. Peabody, F. W.; Draper, C.. and Dochez, A. R.: A Clinical Study of 
Acute Poliomyelitis, Monogr. Rockefeller Inst. M. Research, New York, No. 
4, 1912. 

17. Marburg, O.: (See Wickman, Ref. 18) 1909. 

18. Wickman, I.: Acute Poliomyelitis (Heine-Medin’s Disease), Nerv. & 
Ment. Dis. Monogr. S., No. 16, 1913. 

19. Wickman: Loc. cit. 

20. Wickman: Loc. cit. 

21. Essick, C R.: Formation of Macrophages by the Cells Lining the Sub- 
arachnoid Cavity in Response to the Stimulus of Particulate Matter, Con- 
tribution to Embryol. No. 42, Extr. f. Pub. 272, Carnegie Inst., Washington, 
p. 377, 1920. 
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The changes in the nerve cells in many of these cases of poliomyelitis 
consisted only of slightly evident degenerative changes. In a few 
cases the cells were swollen but they were generally slightly shrunken. 
Their nuclei stained palely and were shrunken. The cytoplasm was 
more densely granular. Mononuclear cells were often seen invading 
the space about these cells. These changes in other cases were more 
severe and proceeded to complete atrophy or to a rapid necrosis with 
fragmentation of their nerve fibers and an invasion of the space 
with polymorphonuclear cells as mentioned above. 

Aside from these alterations, the sensory ganglion were also fre- 
quently involved in poliomyelitis. The changes were like those in the 
brain stem. They consisted of congestion, edema, hemorrhage and 
perivascular and diffuse infiltrations of small mononuclear cells. The 
changes in the ganglion cells varied from slight degenerative changes to 
complete atrophy or in other cases to necrosis with an invasion of 
polymorphonuclear leukocytes. 

Evident involvement of the nerve fibers aside from secondary 
degeneration resulting from the destruction of their cells, was not 
observed in any of the cases. Further, neuritis has not been noted as 
far as the author is aware in any form in acute poliomyelitis by 
other authors. 

The changes in the other organs in poliomyelitis were of two 
kinds: cloudy swelling of the heart, liver and kidney and a local- 
ized or generalized lymphoid hyperplasia. Focal necroses in the liver 
were not observed in any of our cases but it has been described 
by Peabody, Draper and Dochez."* 

The lymphoid hyperplasia especially noted by these latter authors 
and mentioned above was most marked, however, in all of our cases. 
It reached its greatest intensity in the Peyer’s patches and solitary 
follicles of the ileo-cecal region, the ileum, the colon and in the 
regional lymph glands of the mesentery and in the malpighian cor- 
puscles of the spleen. In the cases of persons dying early in the 
disease the gross enlargement of the lymphoid tissue was largely 
limited to the spleen, the ileocecal region and the colon. In cases of 
slightly longer standing it became more general. All of the lymph 
glands and other lymphoid structures of the body, including the 
adenoids and tonsils, were enlarged and there were nests of lymph 
cells scattered in the wall of the bronchi and in other tissues and 
organs of the body. 

The change in the lymph glands was not that of an ordinary infec- 
tion but, on the other hand, it was that of a true hyperplasia. It 
differs decidedly from that seen in typhoid fever but may be found in 


many other conditions. Since this early study I have noted it in cases of 
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extensive skin burns, streptococcal infections with pronounced septi- 
cemias, in diphtheria associated with degeneration of the nervous tissue, 
in rabies, in tetanus and to a certain extent in acute cerebrospinal 
meningitis and other infections of the meninges and in a number of 
cases of brain tumors, especially gliomas. 

The lymphoid tissue in the lymph glands in these hyperplasias is 
greatly increased in amount. The blood vessels are congested. The 
sinuses are generally collapsed and empty. The trabeculae are packed 
with lymphoid cells. The follicles are striking. Their centers con- 
tain a few or no lymphoid cells. They are filled with pink staining 
granular necrotic looking material or a number of large granular 
endothelial cells which contain no nucleus or one which is degenerating. 
The peripheral part of the follicles contains large numbers of lymphoid 
cells and at the sharply defined boundary between the periphery and 
the center, mitotic figures are frequently seen. 

The same changes are seen in the tonsils, the solitary follicles and 
Peyer’s patches of the intestines, and in the malpighian corpuscles of 
the spleen. In the lungs and other organs simple densely packed 
clusters of lymphoid cells are found. 

Most of the cases of poliomyelitis occurred in otherwise healthy 
children. A few, however, were complicated by an active tubercu- 
losis and other diseases and a few also had developed a low grade 
or an extensive bronchopneumonia associated with an acute enlarge- 
ment of the spleen and more intense cloudy swelling of the organs. 
The liver cells contain fat in a few of the cases. This was rarely 
seen, however, and was associated generally with a chronic passive 
congestion or some other complication.** 

Lethargic Encephalitis —Complete necropsies were obtained on two 
of the cases of lethargic encephalitis reported above. In neither of 
these cases was there any evident lymphoid hyperplasia. The absence 
in the first case was not considered important. -It was thought it might 
have been influenced by the changes in the kidneys and in the blood 
vessels which complicated this case. The second case, however, was 
that of a yeung boy, aged 17. The lymphoid hyperplasia was most 
marked in a case of poliomyelitis in a boy aged 15. It was absent 
in this case which terminated fatally because of an acute lethargic 
encephalitis of long standing. 

In Case 1, there is marked degeneration of the nerve tissues in 
the lower part of the thalamus. Active and intensive lesions are found 
throughout the whole of the lower part of the thalamus, midbrain, 
pons, medulla, the whole of the spinal cord and in several sections 
of the cerebral cortex. They had reached, however, their greatest 


22. Taken from the unpublished notes of the author. 
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intensity in the lower part of the thalamus and midbrain or in the 
region of the substantia nigra, which has also been true of the large 
number of cases reported by previous authors. A similar distribution 
of lesions is seen in Case 2, while in Case 3, although the cord was 
not obtained, the lesions were apparently largely confined to the 
thalamus, internal capsule, parts of the lenticular nucleus, the mid- 
brain and the pons. Marinesco described peculiar changes in the 
Purkinje cells of the cerebellum in these cases. Slight evidences of 
degeneration were seen in one section of Case 3, but these were absent 
in other sections. 

In this same case (Case 3) there was also a diffuse and focal infil- 
tration with beginning necrosis and a few polymorphonuclear cells 
in the substantia nigra. Marinesco, Buzzard and Greenfield and 
others have also noted these cells in these cases. 

The myelin bodies noted in Case 1 were not seen in Cases 2 and 
3. The disease in Case 1 had occurred in a middlle aged man. The 
brain lesion was complicated by a previously existing arteriosclerosis 
and atrophy. The myelin bodies were not different in their distribu- 
tion and morphology from those seen in uncomplicated cases of 
cerebrospinal arteriosclerosis associated with atrophy of the brain sub- 
stance and were, therefore, considered something apart from the acute 
disease. , 

The endothelial pearls seen in the meninges of the midbrain and 
about the trochlear nerve of Case 2 were more difficult to explain. 
Whether they were the result of previous changes in this part of the 
brain or a part of the existing, long standing acute illness could not be 
determined. 

From this account it is evident, therefore, that the actual lesions 
in the central nervous system of lethargic encephalitis are not different 
histologically from a large number of cases of poliomyelitis. Buzzard 
and Greenfield in their recent careful description of a number of 
cases occurring in England have noted the same endothelial hyper- 
plasia and the same type of cellular infiltration that I have noted in 
the cases of poliomyelitis. The changes in the nerve cells are also 
similar to those seen in the large number of cases of poliomyelitis. 

The difference pathologically, therefore, between lethargic enceph- 
alitis and poliomyelitis is evidently not to be found in the minute 
histology of the nervous system but rather in the distribution of the 
lesions, the absence of marked edema and swelling of the spinal cord 
and the changes in other organs and tissues. 

These systematic changes or changes in other organs, tissues and 
parts of the body we give with reserve because we have been able to 
study more or less completely only two cases of this disease. Whether 
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a general lymphoid hyperplasia may not occur in a limited number of 
these cases is of course something which the future alone can decide. 

The neuritis of the cranial nerves, on the other hand, form appar- 
ently a more distinctive difference. Again, its discovery is interesting 
because neuritis of the cranial nerves is a rare condition. It was 
marked in Cases 1 and 2 and present in the optic nerve and in a few 
of the other cranial nerves in Case 3. 

McNaulty ** in classifying clinically the cases of lethargic enceph- 
alitis ** as they occurred in England previous to the writing of his 
article noted six groups. They are as follows: 

Group I. Cases with general symptoms and without localizing 
signs. 

Group II. Cases with third nerve paralysis and general distur- 
bances in the function of the central nervous system. 

Group III. Cases with facial paralysis and general disturbances 
in the function of the central nervous system. 

Group IV. Cases with spinal manifestations and general disturl- 
ances in the function of the central nervous system. 

Group V. Cases with polyneuritic manifestations and general dis- 
turbances in the function of the central nervous system. 

Group VI. Cases with mild or transient manifestations (so-called 
“abortive” cases). 

Throughout the epidemic of lethargic encephalitis which has raged 
in this country and Europe cases of polyneuritis have been continually 
reported and have been associated clinically with those cases showing 
cerebral symptoms. It has been of interest therefore to report these 
three cases here and the neuritis noted in their cranial nerves not 
only because of the bearing this finding has in distinguishing this 
disease from acute poliomyelitis but further because it gives a definite 
pathologic basis of union of these various types with those of true 
lethargic encephalitis. 

Cases 1 and 3 of this series belong to McNaulty’s Group II while 
Case 2 falls quite clearly among those cases which he places in 
Group V. 


23. MacNaulty, A. S.: A Clinical Account of the Disease and the Opinion 
as to Its Nature Which Seems Justifiable from Clinical Inquiry. Reports to 
Local Government Board ori Public Health and Medical Subjects. Report 
of an Inquiry Into an Obscure Disease, Encephalitis Lethargica, N. S., No. 121, 
p. 12, 1918. 

24. The name “encephalitis lethargica” is evidently not a good one for this 
disease when it is considered in its broader aspects. “Epidemic encephalitis” 
is undoubtedly preferable. I have used the name lethargic encephalitis in 
this paper for another reason and that is to emphasize the fact that a definite 
neuritis may occur in cases showing largely cerebral symptoms and lethargy 
as a prominent one. 
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THE PATHOLOGY OF INFLUENZA. By M. C. Wrnrternitz, Isapet M. 
Wason, and Frank P. McNamara. Yale University Press. 1920. 


This is a well illustrated description and summary of the morbid changes 
largely mentioned in the current literature on influenza. Much of the text is 
devoted to the gross and minute pathology of the respiratory tract both in the 
acute and in the subacute or chronic stages, incidental lesions in other parts of 
the body being presented briefly. 

In a group of ninety-five patients there were two with activation of a chronic 
pulmonary tuberculosis by influenza. 

The bacteriology of influenza is reviewed broadly. All the reports mention 
more or less constantly the pneumococcus group, streptococci and the Pfeiffer 
bacillus, occurring alone, together, or with other less frequently found 
organisms. 

There is a comparison between the respiratory lesions in influenza and those 
initiated experimentally in animals by the inhalation of poisonous gases. 
Although an interesting similarity is noted, the changes have been observed in 
experimental animals rather than in human beings, which precludes making 
definite conclusions. 

The authors say the etiology of influenza is unknown, the portal of entry is 
undetermined, and the respiratory lesions, whether primary or secondary, are 
responsible for the high mortality of the disease. 

This study thoroughly summarizes our present knowledge of the pathology 
of influenza. 


A DIABETIC MANUAL FOR THE MUTUAL USE OF DOCTOR AND 
PATIENT. By Exuiorr P. Jostin, M.D., Assistant Professor of Medicine, 
Harvard Medical School. Second edition. Cloth. Price, $1.75. Pp. 191 
with illustrations. Philadelphia: Lea & Febiger, 1919. 


The 1919 edition of Dr. E. P. Joslin’s Diabetic Manual, like the 1918 edition, 
has been written with the knowledge and needs of the patient especially in mind. 
There is probably no disease, the successful management of which depends so 
largely on the intelligent cooperation of the patient. Occasionally, a fatal case 
is found where the physician feels that the patient knows too much about his 
case, but we agree with the author when he states in his introduction: “I still 
feel that for one diabetic patient who learns too much about the disease, there 
are unquestionably ninety-nine who know too little. Those of my patients who 
are the most intelligent and who understand the disease the best live the longest.” 

The chapters are short and easy to read. The statistics given in the opening 
chapters show such a marked improvement in the course of the disease that the 
patient obtains a hopeful rather than a depressing outlook. This edition is 
simpler than the first. Additional test diets have been added. Added informa- 
tion is given about blood sugar and the importance of low caloric diets. The 
dangers of diabetes are described so that the patient will help the physician to 
prevent gangrene and acidosis. The index has been improved. 

Physicians desiring to learn the newer methods of the treatment of diabetes 
should read this book before reading larger volumes. 





